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Chapter 1
Introduction
In 1995. The Netherlands celebrated the 50th
anniversary of the liberation after World War II
At that moment, a research proposal was
funded on energy restriction in childhood and
adolescence and the nsk of breast cancer This
protect concentrated on women who were
exposed to the Dutch Famine in 1944-45. the
War years (1940-44) and the Economic
Depression years (1932-40) and their breast
cancer nsk later in life The hypothesis relating
energy restriction to the nsk of breast cancer is
supported by longstanding results from animal
experiments documenting a reduced nsk of
breast cancer in rodents on an energy-restricted
dietary regimen [1] And. having worked for four
years as a teacher at the Department of
Epidemiology at the Maastricht University. I had
the opportunity to participate in this PhD-project
This research project utilized the unique setting
in the Netherlands, a Western population where
a substantial part of the population experienced
a severe famine during World War II (1944-45)
The Dutch famine can be considered as a
unique natural experiment of history' to test the
hypothesis that energy restriction early in life
may be protective for cancer risk later in life.
Evidence from animal experiments and
human studies
Since Rabagliatti [2] concluded in 1904 that
"overfeeding is the predisposing cause of
cancer", restriction of total energy intake has
been shown over decades of research to be one
of the most powerful nutritional interventions
capable of lowering cancer rates in laboratory
animals [3-6]. Although lifelong dietary
restriction has had the greatest impact, reduced
food consumption during early development also
effectively inhibits tumorigenesis [7, 8J. Most
studies have tested energy restriction imposed
early in life. Energy restriction started in mid
adulthood retards cancer and might possible
retards ageing Energy restriction without
malnutrition in mice and rats reduces the
incidence of spontaneous and chemically
induced tumors and delays their appearance
while increasing maximum life span [6, 9, 10]
Energy restriction without malnutrition means
energy intake restriction without essential
nutrient deficiency In animal research, the
essential nutrients (fat. protein and
carbohydrates) are provided in balanced
amounts while restricting calorie intake to a
range 30-70% below the ad ftbrtum level [6],
In this thesis, the earty energy restriction
hypothesis has been investigated with respect to
three sites, namely breast, prostate and colon
cancer We have focused on these three cancer
sites for several reasons From rodent
expenments energy restriction showed a
protective effect regarding these three sites
Furthermore breast cancer is the most frequent
cancer in women, prostate cancer is the second
most commonly diagnosed cancer in males after
king cancer and colon cancer is the fourth most
common cancer worldwide (11, 12]
Furthermore, it seems as if breast, colon and
prostate cancer have some possible nsk factors
in common which are related to. or show an
interaction with earty energy intake
Rodent models for Dreasr cancer provide
extensive data on effects of dietary fat and
calories (13-15). energy balance, body weight
gain, and physical activity on mammary tumor
development (16-18] It has been shown that
energy restriction decreased mammary
carcinogenesis in several munne models,
whether spontaneous. transplanted or
chemically induced tumors [19-22] Energy
restriction appeared to counteract the promoting
effect of fat and seems effective whatever the
proportion of fat in the diet is [20, 23] A study by
Gillette et al [18] analyzed the effect of energy
restriction and physical activity in a rat model of
chemically induced mammary carcinogenesis
Only energy restriction inhibited mammary
tumor development The unrestricted exercised
rats lost weight but the tumor incidence was as
high as in the sedentary unrestricted rats Thus,
the results of the animal studies show that the
protective effect on mammary carcinogenesis
depend largely on energy restriction per se. and
not on low intakes of fat, carbohydrates or other
nutrients
Studies of dietary influences on carcinogenesis
in the pros/ate await development of satisfactory
animal models [24. 25] However, animal studies
have been conducted on the effect of a high fat
diet on prostate cancer Kondo et al [26]
investigated the effect on prostatic carcino-
genesis of two-generation exposure to a high-fat
diet using ACI/Seg rats, a strain with high
incidence of spontaneous prostate cancer A
high-fat diet (20% corn oil) or a low-fat diet (5%
corn oil) was given to mother rats during
pregnancy and the newborn male rats were fed
the same diets for 60 or 100 weeks after
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weaning There was a significant increase of
atypic hyperplasia in the high-fat diet group
These results showed that feeding a high-fat
diet before conception and from the beginning of
life had a marked promotional effect on the early
stage of prostate carcinogenesis in rats
Mukherjee et al [27] compared ad libitum fed
rats with rats whose energy intake was
restricted by 30% using three different methods,
i.e , total diet restriction, carbohydrate restriction
or fat restriction They concluded that energy
restriction reduces prostate tumor growth by
inhibiting tumor angionesis Furthermore, dietary
fat and carbohydrates did not influence prostate
tumor growth when energy intake was reduced.
In male and female rodents, studies have shown
that chemically induced adenocarcinoma of the
coton are strongly inhibited in energy-restricted
rodents [28. 29]. but enhancement has not been
as consistently demonstrable as in the
mammary gland Kumar et al [30] have
documented a dose-dependent effect of calories
on induced colon carcinogenesis in male F344
rats Kritchevskys study demonstrated that the
tumor-reducing effect of energy restriction
dominates even if the fat intake increases during
energy restriction [31] Albanes et al [32]
conducted a study to examine the effect of early
energy restriction on the total number of colonic
cells and the total number of dividing cells in the
colon The food-restricted animals were shorter,
had smaller colons with fewer cells and the total
number of dividing cells was reduced Another
study by Steinbach [33] was conducted to
investigate the effect of energy restriction on
colonic cell proliferation in carcinogen-treated
rats, an intermediate marker of colon cancer
risk They concluded that energy restriction
reduced the colonic cell proliferation
8iotog<ca/ mechanisms
The way(s) by which energy restriction impedes
cancers remain unclear, but possibilities include
less cellular oxidative damage, retarded
immunologic ageing, hormonal changes, less
energy available for cell proliferation, reduced
exposure to dietary carcinogens and promoters,
enhanced DNA repair, and less carcinogen
activation [34-37] Candidate mechanisms also
include greater exposure to mitogemc factors
such as growth hormone, insulin, insulin-like
growth factor, and sex steroids that could result
from accelerated maturation mediated by the
hypothalamic-pituitary axis [38-43].
Recently. Thompson et al [44] stated that
energy restriction exerts its effect by altering one
or more aspects of cell cycle regulation In their
experiments, they used a short-term animal
model for mammary carcinogenesis It was
observed that energy restriction inhibited cell
proliferation and increased cell death due to
apoptosis It was hypothesized that energy
restriction inhibits carcinogenesis. at least in
part, by delaying cell cycle progression There
are also indications that corticosteroids. which
are produced in increased amounts in response
to energy restriction, may by involved in
mediating this effect [44]
With respect to colon tumor carcinogenesis the
mechanism of insulin resistance is often
mentioned Insulin resistance is a condition in
which higher levels of insulin are needed to
normalize plasma glucose The mechanism
begins with the excess dietary energy provided
by an energy rich diet This excess energy
elevates the intravascular levels of insulin and
energy substrates. This stimulates cell-signaling
pathways to increase the proliferation. The
effects are widespread throughout the colon and
elsewhere in the body [38, 39. 41].
In humans, a lot of research has been
conducted on diet and cancer risk. However, the
relation between energy restriction and cancer
risk is not so often investigated Especially fat
intake has been investigated extensively and
has been related to breast, prostate and colon
prostate cancer The studies that have
evaluated nutrients have failed to find a specific
effect of energy intake over dietary fat and
above the effect of other nutrients such as
carbohydrates or proteins Case-control studies
often showed a positive association between fat
intake and breast, prostate and colon cancer
risk [45-56] Results from prospective cohort
studies were not as consistent and often
showed no association [52. 57-66].
With respect to energy restriction early in life
and subsequent cancer risk only a few studies
have been conducted although suggestions
have been stated that early life exposures (such
as early energy intake) might play an important
role in tumor carcinogenesis [67. 68]
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Th« Netherlands Cohort Study
The Netherlands Cohort Study on diet and
cancer (NLCS) provided a unique opportunity to
study the relation between early energy
restriction and subsequent cancer risk This
study started in 1986. when a cohort of 58.279
men and 62.573 women, aged 55-69 years, was
recruited from 204 municpal population
registries in the Netherlands [69) The baseline
questionnaire was mailed to the participants in
1986 and information was collected about the
nutritional habits of the cohort and various life
style factors (smoking, physical activity), medical
history, anthropometry, occupation, education,
and reproductive history The cohort is being
followed up for cancer incidence by using
annual computerized record linkage of the
cohort to the nine regional cancer registries and
PALGA. a national database of pathology
records For data processing and analysis, the
case-cohort approach is being used the cases
•re enumerated for the entire cohort, while the
person-years at nsk accumulating in the cohort
are estimated from a random sample
(subcohort). This subcohort of 3500 subjects
(1688 men, 1812 women) was sampled from the
entire cohort immediately after the baseline
measurement.
With the unique nutritional situation experienced
by this cohort during World War II in mind, the
NLCS also collected information on the food
situation during childhood and adolescence of
the cohort members In the baseline
questionnaire, information was collected about
their residence during the Hunger winter (1944-
45), their residence during the War years (1940-
44) and if their father was employed during the
Economic Depression years (1932-40).
Residence history and father's employment
status were used as proxy measures for the
energy restriction to which the participants of the
cohort were exposed during their childhood and
adolescence. The cohort members were born
between 1916 and 1931 In World War II. the
cohort members were nine years and older In
the following paragraph the food situation will be
described during the years 1932-1945.
Food restriction during the period 1932-1945
Econom/c Depress/on (J932-40;
During 1930-1939 the Great Depression also
affected the Netherlands A high number of
p*opt* w m unemployed dunng this period,
varying from 10 to 13 percent (CBS 1947)
Several nutritional surveys were conducted to
get insight into the nutritional status of th«
unemployed [70-73) The results showed that in
the food pattern of the unemployed families
there was little vanation and that the amount of
calories was sufficient, but not at the same level
as the employed people Employed persons, like
laborers, peasant proprietors and white-collar
workers had in this penod a mean daily intake of
3500 calories The energy providing nutrients for
the employed persons had the following
contribution to the amount of total calories. 45
energy% carbohydrates. 40 energy% fat and 15
energy% of protein (74)
The government undertook some actions to help
the unemployed families to improve their
nutntional status (e g distribution of school
milk) From the surveys, it was concluded that
there was enough food available during this
period although the fat intake in the Economic
Depression years was less compared to th«
present consumption of energy% fat (30% vs
40%) [75).
War years f 7940-44;
During the War period the food supply was
based on the food rationing system In 1937 the
Government Office for the Food Supply in Time
of War had already begun preparing in view of
the possibility that the Netherlands might be
neutral, isolated or occupied; plans were made
to adjust agricultural production for each
contingency and to introduce a system of
rationing. The government started with the food
rationing in October 1939 Sugar was the first
food product that was only available by ration
cards All the food products were distributed
among the whole Dutch population by way of
ration cards The Dutch population was divided
in certain groups These groups received
differend amountsof rations related to their work,
performance and age (Pols committee 1953)
[76].
Consumers of 20 years or older, doing no heavy
work, were at first allowed about 3000 calories
per day As early as 1940, this level decreased
but stabilized during the years 1941-1943 at
about 1700 calories a day Virtually all foods
were rationed from April 1941 onwards During
1943-1944 the nutritional status of the Dutch
population deteriorated [76, 77) The level of the
rations declined further because of the bad
11
Chapter 1
harvest in 1943 and because people could get
les* food products, in particular in the cities
Many persons received some extra supplies by
using the Central Kitchens and through illegal
transport of food products [76. 78] In 1944. the
average allowance was lowered to 1600
calories, an average maintained with difficulty
until September 1944 A few persons got some
extra food through their own supply or they
bought some products from the farmers Many
parsons bought some extra food products on the
black market In the rural areas there was still
anough food available during these four years
The food supply situation in the cities
deteriorated much faster than in the rural areas
77>» Durch f am/ne f 944-45
In the Netherlands, the food production areas
ware mainly concentrated in the Northeastern
and Southern part of the country during the War
period In the Western part of the country, a
quarter of the Dutch population lived in seven
large cities that were dependent on the food
production areas for food supplies
In the autumn of 1944 the Dutch government-in-
exile in London asked local resistance groups to
help the allied offensive by sabotage activities to
hinder the German army On September 17,
1944 a general transportation strike began in the
Netherlands against the Germans at the request
of the Dutch government In reprisal the German
occupying forces imposed an embargo on all
transport and food supplies to the West [78]
The food storages from the Northeast and the
South could not be transported to the Western
part of the country The strike held for the entire
period until liberation in May 1945 During this
period, the so-called Hunger winter, little or no
food was transported into the major cities in the
Western part of the country As a result the
rations declined further in the Western region
and in November 1944 the rations for a normal
manual worker dropped to 1000 calories. The
only way of transport was by boat but after the
frost set in (December 23rd 1944) shipping was
impossible because of the frozen canals [78] In
January and February 1945 the rations declined
further until 450-500 calories a day for a normal
consumer with no heavy labor In February 1945
the rations were 15g protein. 4g fat and 100g
carbohydrates a day Thus, the allocated rations
were very inadequate with regard to the caloric
value and the relative contribution of the several
nutrients, especially fat. was very low The
situation in the Hunger winter was much worse
in Western cities compared to the rural areas in
the Western part of the country [79. 80] By the
end of April 1945 the food situation in the
Western part of the country was considered
hopeless The available ration stocks were
sufficient for only a few more days, without any
prospect of new supplies.
The differences in food availability in the
Netherlands comparing the Western part to the
rest of the country were very clear in the Hunger
winter In the Northeastern part of the country
there was no famine because it was a
production area The southern part of the
Netherlands had already been liberated in
September 1944 Compared to the rest of the
country the amount of calories was very low in
the Western part of the country during 1944-45
[81] The exact rations are different in the
different publications about the rationing system
during the Hunger winter 1944-45, ranging from
450 to 900 calories [78. 82)
The Dutch Famine led in a short time to severe
consequences to public hearth, which can be
distinguished in short and long-term effects.
Short-term effects concerned an increase in the
number of cases of tuberculosis and an increase
in infant mortality. The infant mortality rose by
50 percent to 80 per 1.000 live births in 1945
Hunger edema was seen daily in the practice of
the general practitioner [79, 80]. Five percent of
the total population of the Western region was in
a serious state of under nutrition at the end of
the war
The long-term consequences of the Dutch
Famine are related to reproductive outcomes of
women who gave birth during and after the
Hunger winter and were exposed to the famine.
These consequences refer to lower birth weight,
malformations and perinatal mortality of the
newborn and also to the medical and
psychological situation of infants born during the
famine [83-85] Several studies determined
whether prenatal exposure to severe famine
was associated with an increased risk of
affective disorders [81, 86, 87] The results
showed an increased risk of psychoses and
schizophrenia among persons exposed prenatal
to famine Recently, studies have been
conducted that showed positive associations
between prenatal exposure to the Dutch famine
and obesity risk in later life, glucose tolerance
nsk and nsk of cardiovascular disease [88. 89].
These finding have recently been critically
reviewed [90]
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Energy restriction as a component of energy
balance
Energy balance results from the interaction
between energy intake and energy expenses
Food (including alcohol) provides the energy
intake while basal metabolism, thermogenesis
and physical activities are responsible for the
expenses [91] An unfavorable energy balance
as a whole (i e . physically inactive, a high
energy intake and a high body mass index
(BMI)) may be an important nsk factor for certain
cancers In Western societies, energy imbalance
is characterized by obesity and sedentary life
styles and is associated with increased
morbidity and mortality from all causes of
cancer This concept may equally well apply to
breasf. prosrafe and co/on cancer The
interaction between energy restriction, physical
activity and BMI may explain part of the
observed inconsistencies between studies on
physical activity and these cancers [92-96]
Physical activity itself has been associated with
a lower risk of breasf. prosfafe and co/on cancer
risk Most of the case-control studies on
recreational physical activity and breasf cancer
[97-102] have reported an inverse association.
The cohort studies on physical activity and
breast cancer risk showed inconclusive results
Three cohort studies reported that recreational
exercise reduced the risk of developing breast
cancer [103-105]. No association was reported
in three other cohort studies [106-108],
Case-control studies on physical activity and
prosfate cancer risk showed inconsistent results.
The studies that showed a protective effect had
risk reduction ranging from 20-70% [109-114],
Others found no protection or an elevated risk in
individuals who engaged in the highest level of
activity [53, 115] Seven cohort studies showed
reduction in prostate risks ranging from 10-80%.
comparing the highest vs lowest level of
physical activity [106, 116-120],
Studies on the relation between occupational
and/or leisure time physical activity and co/on
cancer in both men and women showed a
consistent inverse relation Subjects in the
highest category of physical activity appear to
have a 40 to 50 percent reduction in risk of
colon cancer, compared to the least active
group [95, 121] Cohort studies are less
consistent in showing a decreased risk of colon
cancer with higher physical activity [122-125]
Limited data exist on the interaction between
physical activities, energy intake and body size
with respect to colon cancer In a large case
control study, the greatest nsk for colon cancer
was found in subjects with the most
unfavourable energy balance, defined by
physical inactivity, high-energy intakes and a
large BMI In physically active sublets however,
a high-energy intake and a large BMI did not
result in a significant increase of colon cancer
nsk (Slattery. 1997)
The results also seem to vary according to
subtypes of these cancers Furthermore, it is still
not clear for breast, prostate and colon cancer
what type, level and duration of physical activity
are required to afford protection A positive
energy balance during development may led to
a higher subsequent nsk of malignancy not only
through increased cumulative cell proliferation
but also by expanding organ specific stem cell
populations [126]
A review of studies on the influence of physical
activity or exercise on the incidence of
mammary-gland carcinogenesis in rats
concluded that there is consistent evidence that
exercise reduces tumor incidence by more than
50% and increases tumor latency [17] From
studies in rats on the effects of energy balance
on mammary gland tumorigenesis. using either
exercise to increase energy expenditure or diet
restriction to reduce intake, it has been reported
that adrenal corticosteroid responses to exercise
or diet restriction, rather than energy balance
per se are responsible for reducing
tumorigenesis [18, 127] Differences in physical
activity represent the biggest source of
variability in energy requirements, both within
and between individuals, and thereby influence
the net available energy.
Outline of the thesis
The main topic of this thesis is the relation
between energy restriction in childhood and
adolescence and the risk of breast, prostate and
colon cancer later in life Results of a meta-
analysis on energy restriction and the risk of
spontaneous mammary tumors in mice are
described first (chapter 2) Thereafter, our
findings of the epidemiological studies regarding
possible associations between exposure to
energy restriction in childhood and adolescence
and incidence of three different cancer sites
(breast, prostate and colon cancer) are
presented (chapter 3. 4 and 5). In chapter 6,
another component of energy balance, namely
13
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physical activity, is studied in relation to breast
cancer risk
Finally, the results of the different studies are
discussed in chapter 7 and implications for
further research will be stated
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Abstract
Energy restriction has been shown to be one of the most effective ways of reducing the incidence of
mammary tumors in rodents This meta-analysis was aimed at providing a systematic review of the
literature regarding the effect of energy restriction on spontaneous mammary tumors in mice and at
providing a more precise pooled (summary) estimates of the risk of mammary tumors This study
made use of a sensitivity analysis to get insight in potential heterogeneity between the animal studies
A literature search was conducted with the following terms to identify relevant articles: animal studies,
mammary tumors, fat restricted, dietary carbohydrates, energy restriction, calorie restriction A criteria
list for the assessment of quality items (i.e.. study characteristics) in animal experiments was
developed which was intended to quantitatively assess potential factors underlying heterogeneous
results of different animal experiments Incidence figures were used to calculate the risk difference
The pooled risk difference was calculated by random effects meta regression analysis
A total of fourteen animal expenments were included in this meta-analysis Publication bias could not
be identified The pooled risk difference for the 14 studies was -0 55 with a narrow 95% confidence
interval (-0 69; -0 41). implicating that the energy-restricted animal groups developed 55% less
mammary tumors than the control groups No heterogeneity could be detected between the studies
based on study characteristics including age of mice at start of intervention, duration of intervention,
allocation of the mice, use of ad Mvfum control group, fertility of the mice, and the type of energy-
providing nutrient (fat. carbohydrate or protein)
This meta-analysis confirms that energy restriction in itself consistently protects against the
development of mammary tumor in mice, irrespective of the type of restricted nutrient or other study
characteristics
f Subm/rfed for puofrcafion,)
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Introduction
Breast cancer is one of the main causes of
death in women nowadays (1) It is important to
understand more about the etiology and
possibilities for prevention of breast cancer The
hypothesis that high fat intake will increase the
risk of breast cancer has often been examined
in human studies Although epidemiological
studies in humans suggested that diet (energy
and fat) is related to the incidence of breast
cancer (2-5). the results are not consistent (5) A
pooled analysis of the results of several cohort
studies yielded no evidence of a positive
association between total dietary fat intake and
the nsk of breast cancer (5).
To clarify the role of dietary factors in the
etiology of breast cancer, much research has
been conducted in rodents, especially regarding
the effect of dietary fat-intake and energy (i e
caloric) restriction on breast cancer risk Energy
restriction has been suggested a very effective
way of reducing the incidence of mammary
tumors in rodents (6. 7). In contrast with the
human studies, these results appeared to be
consistent between different studies
Suggestions have been made that calorie intake
may reduce carcinogenic risk by influencing
hormones, cytokines, growth factors, rates of
cellular proliferation and levels of immunological
responsiveness (8). Nevertheless, the precise
mechanism by which caloric restriction
decreases the incidence of mammary tumors in
mice is still unknown.
Several investigators have discussed the effect
of different levels of total fat intake and different
levels of total energy intake (9-12). However, no
clear conclusions are available on whether the
level of calorie intake modifies the effect of fat
intake on tumor incidence
Energy restriction in experimental animal studies
can be achieved in several ways. Sources of
energy are nutrients such as fat, carbohydrates
and protein. In some animal studies energy
restriction was achieved by reducing the amount
of fat (13, 14), in other studies by reducing the
amount of carbohydrates (10, 11, 15, 16). In
more recent studies a combination of several
energy providing nutrients was used to achieve
energy restriction (17, 18).
The purpose of this study was to systematically
review the animal literature on energy restriction
and mammary tumors and to provide precise
quantitative pooled (summary) estimates of the
risk of mammary tumors, by means of a meta-
analysis The purpose of a meta-analysis is to
combine results from different studies in an
attempt to identify consistent patterns and
sources of disagreement among those results
(19) The technique of meta-analysis is mostly
used for human randomized clinical tnals
(RCT's) It allows evaluating the influence of the
type of nutnent restncted. the age of mice at the
start of the experiment and the duration of the
intervention penod on the association between
energy restriction and the development of
mammary tumors The present meta-analysi«
had an emphasis on type of energy restriction
and duration of intervention period Also, a
sensitivity analysis can be performed in order to
get insight in causes of possible heterogeneity In
results between the studies Furthermore, we
evaluated changes in summary estimates
according to study methodology The age at
which the energy restriction took place had our
special interest because the hypothesis hat
been put forward that energy restriction early in
life may affect breast cancer risk (20, 21).
Materials and Methods
L/ferafure search
A literature search was conducted using the
computerized databases MEDLINE and Current
Contents. We restricted this systematic review
to experiments with mice and spontaneous
mammary tumors because of the comparability
of this animal model to the human situation and
the comparability between the studies
The following terms were used to identify
relevant articles: animal studies, mammary
tumors, fat restricted, dietary carbohydrates,
energy restriction, calorie restriction The
computerized search covered the years 1966 to
1999 Furthermore, references cited in
published original and review articles were
examined For inclusion in this analysis, studies
had to meet the following criteria The study had
to be a randomized trial with mice and
spontaneously occurring mammary tumors (i.e.
no induced tumors) Secondly, sufficient
information had to be available in the report to
determine the degree of energy restriction and
to estimate risk differences for mammary breast
tumors when comparing groups The incidence
of mammary tumors and the number of mice per
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dietary group had to be reported Excluded were
studies with animal groups who were fed an
isocaloric diet. This review had no limitation on
language
Data coMecf/on
A criteria list for the assessment of quality items
(i e study characteristics) in animal experiments
was developed This list was intended to
quantitatively assess potential factors of
heterogeneity in results between the animal
experiments The list calls for aspects of the
studies such as general information on mouse
•train, age at start of the study and virginal
status Intervention information (quantity and
duration of energy restriction, type of diet,
individual vs group caging) and the number of
mice in the experimental and control group were
also assessed The criteria list also assessed
whether or not the effect measurement was
blinded and if the studies made use of an ad
/<b'fum fed control group
All publications eligible for reviewing were
blinded regarding author(s), journal, publication
year, acknowledgments and affiliations. They
were distributed to three independent reviewers
who assessed the studies using the criteria list
(MJMD, MPAZ, PCD). In case of any
discrepancies between the three reviewers
consensus was reached in subsequent
meetings. If more than one animal experiment
was described in one publication, they were
considered as separate studies (10, 11, 13, 14).
Mammary tumors in the experiments were
detected by palpation or autopsy. Incidence
rates were based on the intervention period,
because none of the studies had a follow-up
period after the end of the intervention Based
on the starting numbers of mice in each study,
the number of incident cases in each group and
the degree of energy restriction, two-way
contingency tables were constructed for each
study. The animal group with the highest degree
of energy restriction was compared with the
animal group that was fed ad libitum or with the
group with the highest intake of calories Not all
the experiments used an ad M»fum control
group In studies with more than two restricted
animal groups the two groups with the highest
contrast were compared Data were extracted
from the experiments in order to construct the
tables The tables were used to calculate the
risk difference (incidence in the experimental
group minus the incidence in the control group,
(l.-lo)) and its corresponding variance. The risk
difference has a range from - 1 00 to +1 00 and
is dimensionless (19) A risk difference of - 0 .3 (-
30%) means that in the energy restricted group
30% less mammary tumors were developed
compared to the control group
In one study, the contingency table showed two
cells with zero (no mice with incident tumors),
which would yield a variance of zero Since the
inverse of the variance was used as weight (22),
the mean variance of the studies was utilized
instead for this specific study (14) Mortality
rates were not available for each individual
study and could therefore not be used in this
meta-analysis
Determinant
The primary determinant studied in this review
was the degree of energy restriction in the
studies Because of the small number of studies
(n=14), energy restriction was divided into three
approximately equivalent categories (s 33%
energy restriction, 34-40% energy restriction or
> 40% energy restriction). However, the
distribution of this variable is skewed because 5
studies had an energy restriction equal to the
cut-off value of 40% Furthermore, the type of
restricted nutrient was also evaluated
(carbohydrates, fat or protein restricted).
Sraf/sf/ca/ ana/ys/s
To detect publication bias we explored
asymmetry in funnel plots, i.e., plots of effect
estimates against their estimated precision, and
we measured the degree of asymmetry using
Egger's unweighted regression asymmetry test
(23, 24) The pooled (summary) risk difference
was calculated by random effects meta
regression analysis using the STATA statistical
software package (22. 25, 26). To account for
both sources of variation (between and within
studies) we used random effects meta
regression analysis to combine the results from
the primary studies. The random effect
approach provides some allowance for
heterogeneity in studies beyond sampling error.
To explore possible reasons for the observed
heterogeneity in results between different
studies, sensitivity analyses were performed on
the following study characteristics: age of mice
at the start of the intervention (<1-5 weeks old,
6-9 5 weeks old and >9 5 weeks old), duration
of intervention period (s56 6 weeks. 57-71.5
weeks and intervention period longer than 71.5
weeks) The cut-off points of these study
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characteristics were based on tertiles Allocation
of the mice (individually caged or two or more
rn.ce m one cage) and the state of fertility of the
animals at the start of the expenment (virgin or
not) were also tested in sensitivity analyses to
explore their influence on the association
between energy restriction and mammary
cancer.
Results
Based on the literature search, 16 articles were
identified reporting animal experiments with
mice on energy restriction and development of
»pontaneous mammary tumors of which six
studies reporting isocalonc diets The latter
studies were excluded In four articles more than
one animal expenment was described, these
were considered as separate studies Thus, a
total number of fourteen animal experiments
were included in this meta-analysis
In table 1 charactenst.cs of the different studies
are summarized (10 11. 13-17. 27-29) All
studies were published between 1942 and 1994.
The mean energy restriction in the fourteen
included studies was 37% (range 23%-50%)
and mean age of the mice at the start of the
experiments was 9 6 weeks (range 3-23 weeks)
The mean duration of the experiments was 72 6
weeks (range 38-126.5 weeks) All experiments
stopped after they stopped the intervention. The
mean number of mice per study was 66 (range
20-144 mice). None of the reports mentioned
whether the effect measurement was blinded
Most of the mice in the energy-restricted groups
in the studies were individually caged The
incidence of mammary tumors in the control
groups ranged from 37% to 100%. Mice strains
used in these experiments varied between DBA.
C3H C3H/Bi. C3H/Ou and Rlll/Sa.
Risk differences were below zero in all individual
studies except one (10), with values ranging
from -1.0 to 0.13. The pooled risk difference
(pooled RD) for the 14 studies was -0 55
(95%CI -0.69; -0 41). implicating that the
energy-restricted animal groups developed 55%
less mammary tumors than the control groups
Figure 1 shows the different risk differences for
the individual studies and the pooled (summary)
nsk difference We could not identify publication
bias, either visually or in terms of statistical
significance (Egger's test p>0.8).
To explore the influence of study characteristic»
on outcome estimates, heterogeneity between
the different studies was evaluated Figure 2
shows the relationship between energy
restriction and spontaneous mammary tumor»
by age of the mice at start of intervention,
duration of the intervention, housing (individual
or not) of the mice, use of an «d /»6rtum control
group and fertility of the mice The pooled nsk
differences for energy restnction and mammary
tumors were -0 57 (95%CI -0 79. -0 35) for
mice aged 1-5 weeks. -0 54 (95% Cl -070. •
0 38) for mice aged 6-10 weeks, and -0 51
(95% Cl -0 76. -0 26) for mice aged over 10
weeks at the start of the study
In experiments with a short intervention period,
the greatest reduction in development of
mammary tumors was seen For studies with a
short duration of intervention (• 56 5 weeks) the
pooled risk difference was -0 65 (95%CI -0 87.
^042) and -0 56 (95%CI -0 71. -0 41) for
studies with a median duration of intervention
period (57-71.5 weeks) For studies with a long
intervention period (over 71.5 weeks) the pooled
nsk difference was -0 47 (95%CI; -0 69. -0.25).
For studies using individual caging the pooled
nsk difference was -0.61 (95%CI -077; -0.45).
For studies using an ad //Mum control group the
pooled risk difference was -0.56 (95%CI -0.72;
-0 40) For studies that did not use an ad //bifum
control group the pooled risk difference was
-0 49 (95%CI -0 79. -0 19) No difference was
seen in pooled RD between studies using virgin
mice or not. Studies that used virgin mice the
pooled risk difference was -0.55 (95%CI -0 72;
-0 39) and for studies that used no virgin mice
the pooled risk difference was -0 53 (95%CI
-0 83 -0.23) (figure 2) None of the above
mentioned results were significantly different
between the subgroups (p-values of interaction
>0 20) In figure 3, results according to different
dietary exposure characteristics are presented.
For studies with - 33% energy restriction the
pooled risk difference was -0.50 (95%CI -0.72;
-0.28).
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Visscher et al.
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Tannenbaum
Tannenbaum
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Sarkar et al.
Shao et al.
Shao et al.
Koizumi et al.
Engelman et al. 1990
Engelmanetal. 1991'
Engelman et al. 1991*
Engelman et al. 1994
Lietal. 1994
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1945a* C3H. virgin
1945b' DBA, virgin
1945b* DBA
1982 C3H, virgin
1990' C3H/Bi
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resuiuiuii aiiu s»pui
Age of mice
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4 5
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10
10
23
5
20
20
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C3H/Ou, virgin
C3H/Ou, virgin
C3H/Ou, virgin
Rlll/Sa. virgin
4
7
7
6
5
iidiieuud iiMiiiiiidiy luii
Intervention period
(in weeks)
67
1265
54
90
113
107
565
565
64
72
54
54
38
72
ima. UIUOIVU uy tiwm»«Mwii j i
Degree of restriction*
(%). (source)
33% (fat* CHO')
23% (CHO)
33% (CHO+protein)
35% (CHO)
33% (CHO)
50% (protein)
40% (CHO)
40% (fat)
50% (CHO)
32% (CHO)
40% (CHO+protein)
40% (fat)
40% (CHO)
37.5% (CHO)
Total number
of mice in study
95
94
58
98
50
144
25
30
65
48
53
46
20
103
' and * : one article describing two independent animal experiments
* CHO: carbohydrate
' 30% restriction means that animals received 70% of amount eaten by ad MMum group
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Avtkor
VWlCk«f. 1*4»
TaaaenaewM 194Sa,
Sait» 1991
Slieo 1990 ,
Siiao ' H i ,
Ktiluni 1990.
EngemeK 1990
Eitaaun» 1991.
Enaehneit 1991
lafaMian 1994
Li 1994
»00*4 estimate oi RD
risk dlllaranca ' ° »» " •
Figur« 1
Difference in incidence of mammary tumors (nsk difference) for energy restricted group« relative to ad
fcbrfum (or highest amount of calories) fed groups, and 95% confidence intervals for each study
separately and pooled risk difference (pooled RD)
(solid line indicates no effect a risk difference of -0 55 means that the energy restricted group has 55% less
mammary tumors developed compared to the control (non-restricted) group).
S t u d y c h a r a c t e r i s t i c s
AGE OF MICE AT S T A R t
1 5 weeks (n-5>
6-9 5 weeks (n>4) .
>9 S w e e k s ( n > 5 )
D U R A T I O N I N T E R V E N T I O N .
< -S6 S weeks <n-5)
57-71 5 weeks | n - 4 )
>71 5 weeks ( n - 5)
H O U S I N G OF MICE
individually (n»5)
not individually (n>2)
Other' ln>3)i
C O N T R O L FED AD LIB'
yes in*11J
no l n - 3 )
V I R G I N MICE
y e s ( n « 1 0 )
no <n>4)
Pooled estimate of RD
risk diffaranco)
Figure 2 Summary risk differences for energy restricted groups vs ad //brfum (or highest amount of
calories) and 95% confidence intervals of mammary tumors for pooled studies with different study
characteristics
other housing the experimental (restricted) group is individually caged and the control group is not individually
caged. ' ad lib means ad libitum'
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For studies with an energy restriction between
34-40% the pooled risk difference was - 0 56
(95%CI -0 70.-0 41) For studies with the highest
degree of energy restriction (>40%) the pooled
risk difference was - 0 62 (95%CI - 0 91 . -0 33)
This means that in studies with more than 40%
energy restriction. 62% fewer animals in the
intervention groups developed mammary tumors
than in the control groups For carbohydrate-
rettricted studies, the pooled risk difference was
-0 52 (95%CI - 0 68. -0 36). and for studies that
did not restrict the carbohydrates the pooled risk
difference was - 0 64 (95%CI -O 93, -0 35) Fat-
restricted studies showed a pooled nsk
difference of - 0 71 (95%CI - 1 04. -0 39) and
non-fat restricted studies - 0 51 (95%CI - 0 6 6 ;
-0 36) Studies with and without protein
restriction showed a pooled risk difference of
- 0 57 (95%CI - 0 86.-0 27) and - 0 55 (95%CI
- 0 75. -0 35). respectively None of the
interactions were significant (p-values >0 30)
Discussion
We performed a meta-analysis of 14 animal
experiments reporting on energy restriction and
the incidence of spontaneous mammary tumors
mice Energy restricted animal groups showed a
statistically significant lower incidence of
spontaneous mammary tumors compared to the
non-restricted groups (control groups), with a
pooled risk difference of - 0 55 All individual
studies, except one (10). showed a negative risk
difference The results of this systematic review
show that energy restriction protects against the
development of mammary tumors in mice and
support earlier studies An energy restriction of
more than 40% shows an apparently greater
preventive effect (pooled RD -0.62) than 33%
energy restriction or less (pooled RD -0.50) . but
the difference was not statistically significant.
The type of nutrient which was restricted (fat.
carbohydrates or protein) seemed not to have
an important influence on the pooled risk
difference, although fat-restricted studies
showed a pooled RD of - 0 71 (again not
statistically significant) These results are in
accordance with the narrative review of Albanes
(6).The only study, which showed a positive risk
difference of 0 13. was the study with the
longest duration of intervention period, namely
126 5 weeks (almost 2 5 years) and the lowest
degree of energy restriction (23%).
Because of heterogeneity of the studies with
regard to animal strain, duration of the
intervention period, age of mice and housing, we
assumed that the true effect of dietary restriction
varied between the studies in addition to the
usual sampling vanation in the estimates In
order to account for both sources of variation,
we used random effects meta regression
analysis to combine the results from the primary
studies The random effect approach provides
some allowance for heterogeneity in studies
beyond sampling error Results showed that
pooled risk differences were independent of the
age of the mice, housing of mice, fertility of
mice, the use or non-use of an ad Mwfum control
group and the duration of intervention period No
heterogeneity could be detected between the
studies based on study characteristics although
a longer duration of intervention period tended
to be associated with a smaller risk difference A
possible explanation could be the fact that
almost every mouse of the strains used in these
experiments may finally develop a mammary
tumor, provided the observation penod is long
enough. In experiments used in this meta-
analysis. the incidence in the control groups
varied between 37% and 100%. In comparison,
lifetime cumulative incidence of breast cancer
among women varies between 8%-15%
worldwide (1) Therefore, strains with lower
incidence would be needed to achieve a
situation, which more closely resembles the
human situation
It has been suggested that the age at which
animals are exposed to energy restriction may
be an important factor in the development of
mammary tumors. Early restriction will
permanently stunt growth and reduce total cell
numbers in all organs Exposure to
undernutrition in the prepubertal years leads to a
decrease in cell division and a reduction in the
total number of dividing cells (mitosis) It was
hypothesized that when feeding the animals an
energy-restricted diet from birth till weaning age
and ad /ib/fum after weaning, the deficiency in
the number of cells will not completely be
corrected, although the reduction in cell volume
will generally recover (30. 31) When energy
restriction occurs later in life, it will affect the rate
of mitosis in the regenerating tissue (32) Cell
division can be interrupted by malnutrition at any
time When the rate of cell division is very high,
the cellular DNA is subject to frequent damage.
The effects of energy restriction therfore might
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OwUry characteristics
34-40« (re 7)
> 40% (n-2)
no <r>"3>
O< 191
|fM(n-3)
no(rt-11)
»•• (n»3>
no(n>11)
H
risk difference -10 •0 8 -0« -04
Figure 3
Summary risk difference for energy restricted groups vs ad //Mum (or highest degree of calories) and
95% confidence interval of mammary tumors for studies by different dietary characteristics (dashed line
refers to pooled estimate of risk difference for all the studies)
depend on the timing of the restriction. In this
meta-analysis, we could not detect an effect by
the age of mice. Silverman (33) also concluded
that the age of puberty in itself does not act as a
risk factor for mammary carcinogenesis in
animal experiments if a high fat/high calorie diet
was fed throughout the period Another point of
discussion is the duration of intervention period,
which differs considerably between the various
studies In our meta-analysis the duration of the
intervention period did not significantly influence
the association between energy restriction and
mammary tumor risk However, the results
suggest that studies with a long intervention
period reported a lower pooled risk difference
The shortest duration of intervention period was
38 weeks. It would be interesting to see whether
shorter experiments would show the same
results.
Given the strong and consistent effect of energy
restriction on cancer prevention in experimental
animals, it is clearly possible that the balance
between energy consumption, retention and
expenditure, perhaps in combination with
frequency and length of fasting periods between
meals, represents an underlying and central link
in the relationship between diet, nutrition and
cancer in Western society (34) Future dietary
cohort studies and intervention trials are needed
to get insight into the effects of energy and/or fat
restriction on human breast cancer
development
In conclusion, this meta-analysis confirms that
energy restriction in itself consistently protects
against the development of mammary tumor in
mice, irrespective of the type of restricted
nutrient and/or other study characteristics No
significant heterogeneity in results between the
animal studies was detected in this meta-
analysis
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Chapter 3
Abstract
In The Netherlands, part of the population experienced food restriction and severe famine during
World War II The purpose of this study was to study the effects of severe undernutrition during
adolescence on the risk of breast cancer later in life.
We examined the hypothesis in the Netherlands Cohort Study on diet and cancer (NLCS), among
62,573 women aged 55-69 years. Baseline information on diet and other risk factors was collected
with a questionnaire in 1986 Information was collected on residence in the Hunger winter (1944-
1945) and War years (1940-1944) and father's employment status in 1932-1940 as indicators of
exposure After 6.3 years of follow-up 1009 incident breast cases were available for analysis
In multivariate case-cohort analysis residents of the Western part of the country in 1944-1945 had an
increased breast cancer risk (Western city RR=1.1. 95%CI 0.9-1.4, Western rural area RR=1 5. 95%CI
11-19) For the War years (1940-1944) we found no association between breast cancer risk and
urban vs rural residence. Women whose fathers were unemployed during the Depression years
(1932-1940) had a nonsignificant decrease in breast cancer risk (RR=0 9, 95%CI 0.7-1.2). Exposure
to energy restriction during the adolescent growth spurt or during the period between menarche and
birth of the first child did not change the RRs substantially
We found no clear evidence in this study for the hypothesis that energy restriction in adolescence
leads to a decreased breast cancer risk
(MJM Dirx. R4 wan den Srandf, RA Sausc/i, LH /.umey Dwf »n ado/escence and Wie risk of breasr
cancer resu/fs offne /Vefhenands Cohort Sft/dy Cancer Causes and Confro/1999, 70 f 89-799;
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Introduction
Among women in The Netherlands breast
cancer is the most frequent cancer accounting
for almost one third of all the cancer cases (1 |
The hypothesis relating energy restriction to the
nsk of breast cancer is supported by
longstanding results from rodent experiments
documenting a reduced risk of breast cancer in
animals on an energy-restricted dietary regimen
Potential mechanisms for an effect of energy (2)
restriction early in life on decreased breast
cancer risk can be summarized as follows
energy restriction in childhood and adolescence
leads to a later age at menarche which leads to
a decrease in breast cancer nsk Energy
restriction in childhood and adolescence may
also lead to a decrease in attained height
Attained height can act as an intermediate factor
or as an independent risk factor for breast
cancer De Waard and Tnchopoulos
hypothesized that besides age at menarche and
height, an energy-rich diet during childhood and
adolescence could be an independent risk factor
for breast cancer [3] As a consequence of a
high fat/high energy diet in childhood, breast
development might be stimulated resulting in an
increased susceptibility for initiating hits which
lead to cells with more malignant potential.
Many studies have been conducted on the
relationship between diet and breast cancer, but
only few concentrated on diet in adolescence.
To investigate early dietary exposures in relation
to later cancer risk, proxy measures are
generally needed, as no individual data are
available on diet early in life. Hislop et al
conducted a case-control study to examine the
relationship between childhood and current
eating practices and the risk of breast cancer
[4] No elevated risks of breast cancer for the
childhood consumption of foods with high fat
content were found, except possibly for animal
fat Results of an ecological study in Norway
showed that one or more environmental factors
influenced the risk of breast cancer during World
War II The authors suggested that important
factors to consider were a decrease in fat and
milk consumption, an increase in fish and fresh
vegetables, and an increase in physical activity
level [5].
In The Netherlands, a substantial part of the
population experienced a severe famine during
World War II. the so called Hunger winter (winter
of 1944-1945). «specialty in the Western part of
the country This unique setting provided the
opportunity to study the effects of severe
undemutntion dunng adolescence on the risk of
breast cancer later in life [6-8] In addition, a
period of chronically impaired nutrition existed in
The Netherlands during the earlier years of
World War II (1940-1944) and the Depression In
the 1930s As a consequence of the poor
availability of food products in the cities
nutritional differences developed between cities
and rural areas dunng the war years [9, 10] The
available amount of calories was greater in the
rural areas Also, the ratio between the dietary
nutrients was different for cities and rural areas
In the cities carbohydrates contributed more to
the total amount of energy (70 energy%)
compared to the rural areas (65 energy%) The
contribution of fat was less in the cities
compared to the rural areas (10 energy% vs 15
energy %)
During the Economic Depression a large
proportion of people were unemployed Several
surveys showed that in the food pattern of the
unemployed families there was little variation
and the energy intake was not at the same level
as for the employed people [11-13] The total
amount of energy available for unemployed
families compared to employed families was
3000 vs 3400 calories [14] The daily menu of
the unemployed people was very sober,
consisting of boiled potatoes and some fat Also
the bread meals underwent changes, no longer
including cheese, meat and confectionary The
energy restriction in these three periods,
Economic Depression, the War years and the
Hunger winter are subject of investigation in this
study
We examined the association between diet in
adolescence and breast cancer risk in the
Netherlands Cohort Study (NLCS) on diet and
cancer Women who were passing their pubertal
years during the Economic Depression, the War
and the Hunger winter were included in this
prospective cohort study There are biological
reasons to believe that the period between the
beginning of breast development at puberty and
the first full term pregnancy is a particular
sensitive period in a woman's life regarding the
development of breast cancer [15] Russo et al.
have proposed, on the basis of experiments in
rats, that the full cellular differentiation of the
mammary gland during a full-lerm pregnancy
protects against the subsequent development of
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breast cancer. Therefore, the period between
menarche and first full-term pregnancy might be
critical for the initiation of breast carcinogenesis
[16. 17] In this study we focused on the
interaction with the age at which dietary
restriction took place, with particular attention to
those women who were exposed between
menarche and delivery of their first child
Materials and methods
The Netherlands Cohort Study started in
September 1986 when 62.573 women 55 to 69
years were enrolled in the cohort Baseline
exposure data were collected by means of a
•elf-administered questionnaire The
questionnaire referred to dietary habits and
potential confounders such as reproductive
history, smoking habits, education and family
history of cancer Also included were questions
about the residences of the cohort members
during their entire life, including the residence in
the war years and the winter of 1944-1945 and
the fathers' employment status during the
Economic Depression A detailed description of
the cohort study design has been reported
elsewhere [18] After the baseline exposure
measurement, a subcohort was randomly
sampled from the cohort and followed up
biennially for vital status information Incident
cancer cases occurring in the entire cohort have
been identified by record linkage to cancer
registries and a national pathology register
(PALGA) The method of record linkage has
been described previously [19]
The collected data from subcohort and breast
cancer cases were key-entered twice by a
research assistant who was blinded with respect
to subcohort/case status in order to minimize
observer bias in coding and interpretation of the
data The present analysis is restricted to
cancer incidence in the 6 3-year follow-up from
September 1986 to December 1992
Completeness of cancer follow-up was
estimated to exceed 96 percent [20] After these
6.3 years of follow-up. 1009 breast cancer cases
were available for analysis, after exclusion of
prevalent cancer cases and cases with in situ
breast carcinoma Prevalent cancer cases other
than skin cancer were also excluded from the
subcohort. after which 1.716 women remained
For data analysis the case-cohort approach was
used in which cases are derived from the entire
cohort, while the person years at risk are
estimated from the subcohort
Assessment of energy resfncfjon
The exposure vanables have to adequately
represent the energy restriction of the women in
the cohort for the Economic Depression years
(1932-1940), the War years (1940-1944) and
the Hunger winter (1944-1945) Individual food
intake data of the women in these periods were
not available, we therefore used proxy variables
for the energy restriction in each of these
periods For the Economic Depression years
(1932-1940). the occupation of the father was
the best available proxy variable for energy
restnction Contemporary studies observed that
having an unemployed father indicated that the
family had less energy to consume and less
variation in their food pattern compared to
families with an employed father [11-13] The
exposure variable for the Economic Depression
years was dichotomous women whose father
had a job and women whose father had no job.
For the other two periods, the War penod (1940-
1944) and the Hunger winter (1944-1945), the
city of residence during these periods was used
to approximate the exposure for energy
restriction Living in a city in 1942 (midpoint year
1940-1944) with more than 40.000 inhabitants
was considered as an indicator for energy
restriction in the War period because of the
documented nutritional differences between a
city and a rural area [9, 10] This exposure
variable was dichotomous. women living in a city
in 1942 or women living in a rural area in 1942.
With respect to the Hunger winter, three
categories were defined, women who lived in a
Western city, women who lived in a Western
rural area and women who lived in a Non-
Western part of The Netherlands Living in a
Western city in 1944-1945 was considered as
an indicator for severe energy restriction The
definition of a famine city (>40.000 inhabitants)
is based upon the definition of a famine city
according to the study of Stein et al [21].
In addition, the timing of exposure was of
interest Two periods can be distinguished in a
woman's life in which energy restnction can
have great influence on the development of the
breast cells:
1 the adolescent growth spurt', in which the
menarche occurs [22] and in which enlargement
of the breasts is starting If less energy is
available dunng the growth spurt the
enlargement of the breasts will take place in a
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slower rate and the breasts may be less
susceptible for initiation hits The adolescent
growth spurt in this study was defined as 2
years before the reported age at menarche until
I year after the reported age at menarche
2. the time span between menarche and birth of
the first child, referred to as the sensitive penod
During the first pregnancy the breast tissue
differentiation is completed and until that
moment the breast tissue is constantly sensitive
to change and cell dividing activities If less
energy is available for these cell dividing
activities the breast tissue may be less
susceptible to carcinogenic exposures
The women in the adolescent growth spurt or
sensitive period in the three exposure penods
were defined Since the exposure periods are
age-dependent and of varying duration it was
decided to restrict the relevant time span in the
long exposure periods 1932-1940 and 1940-
1944 to the years in which the food situation
was worst For the Economic Depression period
we selected the years 1933-34 because the
literature regarding the Economic Depression
showed a very poor food situation in the first
years of the Economic Depression [14, 23] and
some improvement in the later years [11] Thus,
only women with the adolescent growth spurt or
sensitive period in 1933-34 were included in the
subgroup For the War period we selected the
years 1942-43 because the food situation
deteriorated progressively during the World War
II years and the years 1942-43 represent the
worst years of the pre-famine period [10].
Data ana/ys/s
The distributions of the exposure variables were
compared between the breast cancer cases and
the female subcohort members The
associations between exposure variables and
covariates were also studied in the subcohort
For the continuous covariates age, age at
menarche, age at menopause, height. Quetelet
index, alcohol intake and energy intake, mean
values of these variables were compared
between the exposure categories Statistical
significance of these associations was tested by
t-tests and analysis of variance Chi-square
tests were conducted to test associations
between exposure categories and the following
categorical covariates history of benign breast
disease, familial breast cancer, parity, age at
first birth and educational level Age-adjusted
analyses rate ratios (RR) were computed for the
covanates for breast cancer [24, 25]. Covariates
associated with breast cancer itself or with any
of the exposure variables were considered a t
potential confoundere The effects of the risk
factors were in the anticipated direction A
history of benign breast disease, a family history
of breast cancer, age at menopause, height,
alcohol intake, age at first birth, parity age at
menarche. education and energy intake were
considered as confounders The same
confounders for breast cancer had already been
investigated in the NLCS-cohort in previous
analyses concerning dietary fat and breast
cancer risk [26]
Results
In table 1 the overall means of various
continuous variables and distributions of various
categorical vanables in relation to the exposure
categories among subcohort women are
presented
For the Hunger winter period alcohol intake and
energy intake during the year preceding the
baseline measurement, age at first birth, parity
and education were different between the three
exposure categories Women who lived in a
Western city in 1944-1945 had the highest level
of alcohol intake in 1986 and the lowest level of
energy intake in 1986 compared to women who
lived in the Western rural area or in some other
parts of The Netherlands in the winter of 1944-
1945. Furthermore, women who lived in a
Western city during the Hunger winter had the
youngest age at menarche (mean. 13 6 years)
and the lowest Quetelet index at baseline
compared to women living in other parts of The
Netherlands in 1944-1945 For women who
were still at risk for their menarche at the start
of the famine, the women living in a Western city
had the oldest age at menarche (mean. 15 8
years)(data not shown) For the remaining war
years (1940-1944). mean age at menopause
and alcohol intake were significantly different
between the exposure categories Alcohol intake
was significantly higher for women who had
lived in a city in 1942 Women who had lived in
a rural area in 1942 were taller (mean. 165.3
cm) compared to women who had lived in a city
in 1942 (mean. 164 9 cm) Furthermore, the
women who had lived in a city in 1942 had fewer
children and a higher educational level
compared to women living in a rural area in
1942
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Table 1 Means Handard deviations (s d ) of selected continuous variables and ckstnbubon of
subcohort members Netherlands Cohort Study 1986-1992
by food r i«« category n f
1944-45 1940-44 1932-40
Subcohort
Cases'
Charactenebcs
Again 1986
Age at menarcne
Age at menopause
Height (cm)m 1986
Weight (kg) m 1986
Ouetelet Index (kg/m') in 1986
Alcohol (g/day) in 1986
Energy intake (kcal/day) m 1986
Parity
nulliparous
1 child
2 children
- 3 children
Age at first birth
nulliparous
17-19 yr
20-24 yr
25-29 yr
.- 30 yr
Level of education
low
medium
high
Non-West
n=900
n=500
mean (s d )
61 4 (4 3)
13 8 (17)
48 8 (4 4)
165 4 (6 3)
68 7 ( 0 4)
25 2 (3 6)
5 3 (9 2)
1692 1 (435 8)
%
176
7 0
216
53 8
175
1 3
19 1
41 3
20 8
62 9
30 1
7 0
Western rural area
n=239
n=167
mean
6 1 3
137
488
165 1
69 7
25 5
5 3
1682 7 (
( sd )
(4 1)
(18)
(4 4)
(6 1)
(10 6)
(3.6)
(8 2)
433 8)
%
183
6 1
24 3
513
180
1.7
227
3 9 9
177
63 7
27 4
8 9
Western city
n=454
n=275
mean
617
136
487
1652
6 8 2
25 0
6 9 '
1623 4° i
(sd )
(4 4)
( 19)
( 4 7)
(5 9)
(10 0)
(3 4)
(108)
(388 3)
%
188
11 4
24 0
45 8
186'
2 0
25 1
39 9
144
47 9»
41 6
10 5
Rural areen 42
n*S97
n»35O
mean (sd )
61 5 (4 2)
13 7 (17)
49 2 (4 1)
165 3 (61)
69 2 (10 3)
25 3 (3 5)
4 7 (8 0)
1683 0 (437 5)
14 6
7 5
205
57 4
14 6
0 7
210
445
192
720
2 2 9
5 1
C«y«i 42
n-634
n»371
mean (sd )
616 (4 4)
13 7 (18)
486* (46)
164 9 (6 1)
69 0 (10 3)
25 4 (3 5)
6 3 ' (102)
1640 0 (398 0)
172
9 4
23 7
497
170
1 9
228
39 7
18 6
49 3 '
41 4
9 3
Father a job
rt>1419
r>-856
mean (sd)
61 4 (4 2)
13 7 (17)
48 9 (4 4)
165 2 (6 2)
68 5 (101)
25 5 (35)
6 0 (9 8)
1676 4(421 7)
18 2
8 4
2 2 2
513
180
1 3
196
42 2
189
5 4 9
358
9 3
Father no job
n>184
n»103
mean (sd)
62 1 ' (4 4)
139' (21)
48 0 ' (4 7)
163 9 ' (6 7)
686 (110)
25 6 (3 8)
4 4' (8 0)
1591 3 (4308)
%
138
8 8
22 2
552
138
22
337
343
16 0
758»
214
2 8
due to missing values numbers may not add up till 1716 and 1009
' p<0 01 (ANOVA) °p<0 001 (ANOVA)
' p<0 05 (t-test). " p<0 005 (t-test)
' p<0 001 (j(2-le«t).' p<0 005 ((x2-test)
Energy restriction and breast cancer
For exposure during the Economic Depression,
baseline age. age at menarche. age at
menopause, height, alcohol intake and energy
intake were significantly different between the
two exposure categories Women whose father
did not have a job during the Economic
Depression had a later age at menarche and an
earlier age at menopause compared to women
whose father had a job in this period The
women whose father had no job were also
shorter and had a lower alcohol intake and
energy intake in 1986 compared to women
whose father had a job during the Economic
Depression (table 1) Women whose father was
unemployed during the Economic Depression
were considerably less educated compared to
women whose father had a job during the
Depression
In table 2 the results of the age-adjusted and
multivanate analyses of exposure in the three
periods and breast cancer risk are presented
The age-adjusted analyses show that there are
differences in RRs for the three periods. For the
Hunger winter, a small increase in risk was seen
for women who were then living in the Western
rural area, compared to the reference category
of women living in Non-Western parts of The
Netherlands (RR=1.3, 95%CI: 1.0-1.6). Living in
a Western city during the Hunger winter period
showed a small increase in risk (RR=1.1, 95%CI
0.9-1.3), which was not statistically significant
For exposure during the remaining War period
there was no difference in RR between women
living in a rural area and women living in a city in
1942 (RR=1.0. 95%CI: 0.9-1.2). With respect to
the Economic Depression years, the analysis
shows a small, nonsignificant decrease in risk
for women whose father was unemployed
(RR=0.9, 95%CI: 0.7-1.2).
The associations between the risk of breast
cancer and energy restriction were further
evaluated in a multivariate model with
adjustment for age, age at menopause, benign
breast disease, maternal breast cancer, breast
cancer in sister(s). age at first birth, parity,
alcohol intake, energy intake and education.
Age at menarche and height were not included
in the model. The rate ratios were slightly
changed compared to the age-adjusted
analysis, as is shown in table 2, but the
multivariate adjusted RRs showed the same
trend as in the age-adjusted analyses. There
was again no difference in breast cancer risk for
women living in a city in 1942 compared to
women living in a rural area in 1942 For women
living in a Western rural area during the Hunger
winter 1944-1945 the analysis showed a
significant increase in breast cancer risk
compared to women who lived in Non-Western
parts of The Netherlands (RR-1.5, 95%CI 1 1 -
19) . Women whose father was unemployed
during the Economic Depression years showed
a decrease in breast cancer risk (RR«0 9,
95%CI 0 7-1 2) in multivariate analysis,
although not significantly
Age at menarche and height are two variables
that might play a role in the possible biological
explanations of our hypothesis We conducted a
multivariate analysis where additional correction
was included for these two variables This
adjustment did not alter the RRs appreciably,
but they were closer to 1 (see table 3),
suggesting that each of these two variables
might act as intermediate variables In further
analyses these two variables were not included
in the multivariate model
Additional comparisons with other reference
categories were made in multivariate analyses
A comparison was made between the Western
cities and cities in other parts of The
Netherlands and a comparison between the
Western rural area and rural area in other parts
of The Netherlands By using different reference
categories the RRs did not change substantially
(data not show). We conducted several
subgroup analyses to evaluate possible effects
of the timing of energy restriction As a
consequence of the small number of cases in
the subgroups "exposure before growth spurt in
the Hunger winter" and "exposure before
sensitive period in the War years", some
multivariate models did not converge For these
subgroups we only conducted an age-adjusted
analysis Exposure to energy restriction during
the adolescent growth spurt (table 4) shows for
women living in a Western city an increased risk
(RR=1.2. 95%CI 0.8-2.0) compared to women
living in Non-Western parts of The Netherlands.
For women living in the Western rural area a
significantly increased risk (RR=1 8. 95%CI 1.0-
3 2) was seen compared to women living in
Non-Western parts of The Netherlands during
the Hunger winter, but the number of cases is
very small and the 95% confidence interval is
accordingly large.
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Table 2 Age-adjusted relative rates and multivariate relative rates of breast cancer, according to food
restriction exposure in three time periods. 1944-45 1940-44 and 1932-40. Netherlands
Cohort Study 1986-1992
Exposure
Age-adjusted
Cases
cohort
Hunger winter 1944-1945
Non-West 500
Western rural area 187
Western city 275
War Yaara 1940-1944
Rural area in 1942
City in 1942
Economic Depression
Father had a job
Father had no job
350
371
1932-194C
856
103
RR'
1.0*
13
11
1.0*
1.0
I
1.0*
09
95% Cl
1 01-1 55
0.91-1 31
0 85-1 21
0 72-1 19
Multivariate
Cases
Cohort
418
144
239
295
323
733
83
RR*
1.0'
15
11
1.0*
10
10 '
09
95%CI
1.13-1.
091-1
0 79-1
0 68-1
87
38
21
22
* Reference category
' Age in three categories 55-59 yr. 60-64 yr. 65-69 yr
* Relative rate after adjustment for age, age at menopause parity age at first birth maternal breast cancer
breast cancer in sister(s) benign breast disease, alcohol use. energy consumption, education, without age at
menarche and height
Table 3 Multivariate relative rates of breast cancer, according to food restriction exposure in three
time periods, 1944-45. 1940-44 and 1932-40 with age at menarche and height added to the
model. Netherlands Cohort Study 1986-1992
Exposure
Model
RR
Hunger winter 1944-1945
Non-West 1 0"
Western rural area 1 4
Western city 1.1
War Years 1940-1944
Rural area in 1942
City in 1942
1.0*
1.0
Economic Depression 1932-1940
Father had a job 1 0'
Father had no job 0.9
I'
95%CI
1.10-1.
0.89-1
0.79-1.
0.68-1
81
.34
21
23
Model
RR
1.0"
1.4
1.1
1.0*
1.0
1.0'
09
II*
95%CI
1.09-1.
0.90-1.
0.80-1.
0.71-1.
79
34
23
28
Model
RR
10 '
1.3
1.1
1.0'
1.0
1.0*
1.0
III*
95%CI
1.02-1.
0.91-1.
0.80-1
0.73-1.
72
40
23
32
Reference category
Model I adjustment for age. age at menopause, panty age at first birth, maternal breast cancer.
breast cancer in sister(s). benign breast disease alcohol use energy consumption education and age at
menarche
Model II adjustment for the variables named in model I without age at menarche but with height
Model III adjustment for the variables named in model I with height
Energy restriction and breast cancer
Dunng the war years there was no difference in
risk between women Irving in a city dunng their
adolescent growth spurt and women living in a
rural area The RR for the women whose father
had no job in 1933-34 and who were in their
growth spurt at that time showed a decrease in
breast cancer risk (RR=0 8. 95%CI 0 5 -14)
which was not statistically significant (table 4)
Again the number of cases is quite small
The subgroups of women exposed after the
growth spurt showed the same pattern as the
group exposed during the growth spurt Except
the subgroups of women exposed before the
growth spurt showed a different pattern. A
decrease in risk is seen for women living in a
Western city before their growth spurt (RR=0 3.
95%CI 0 03-2 0). however, the number of cases
is very small Also the women living in a city in
1942 before their growth spurt have a
decreased risk (RR=0 5. 95%CI 0 2-13Msee
table 4)
Exposure during the sensitive period between
the menarche and birth of first child showed the
same pattern with breast cancer risk as
exposure during adolescent growth spurt (see
table 4) The RR for the exposure category
Western city was nonsignificantly increased
(RR=1 1. 95%CI 0.9-1.4). The RR for women
living in the Western rural area was again
significantly elevated (RR=1 4. 95% Cl 1.1-1.9)
compared to the exposure category living in
other parts of The Netherlands There was no
difference in breast cancer risk between women
living in a city or rural area during the war years
and who were passing their sensitive period in
the war years Also with respect to the
Economic Depression years no clear
association was found between exposure during
the sensitive period and breast cancer risk
(RR=0 9. 95%CI: 0.5-1.7). The subgroups
exposed before and after the sensitive period
also showed the same pattern as the subgroup
exposed during the sensitive period (table 5)
Only for the Hunger winter period there is a
negative association (RR=0 7, 95%CI 0.3-1 6)
for the exposure living in a Western city in 1944-
1945 before the sensitive period, although not
significant With respect to the war years, living
in a city in 1942 showed for the subgroup
exposure before the sensitive period a decrease
in RR (RR=0 7. 95%CI 0.3-1.7) but the number
of cases is again very small A small,
nonsignificant negative association with living in
a city in 1942 (RR=0 9. 95%CI 0.5-1.6) was
found for the subgroup exposure after the
sensitive period
Women whose father was unemployed during
the Economic Depression years showed a
negative association with exposure before the
sensitive period, although not significant
(RR=0 9. 95%CI 0 6 -13) In 1933 34 no woman
in the cohort had already delivered her first
child, thus no women were exposed after their
sensitive period at that time
Possibly not the food situation was the most
important factor (because for everybody the
food situation deteriorated during the War) but
being in the adolescent growth spurt during
these years could be the most important factor
Therefore, we also conducted a multivariate
analysis for the War years in which exposure
was defined as a combination of the residence
in 1942 and being in the adolescent growth
spurt in 1942 The subgroup of women who
lived in a city in 1942 during their adolescent
growth spurt showed a borderline significant
decrease in breast cancer risk (RR»0 7. 95%CI
0 5-1 0) compared to all women who were
before or after their adolescent growth spurt
irrespective of their residence in 1942 (data not
shown)
Discussion
This prospective cohort study found no clear
evidence that energy restriction during
adolescence decreased the risk of breast
cancer, also after controlling for potential
confounders Compared to residents in the
North and South of the country who served as
controls with almost no exposure to energy
restriction, for those living in the presumably
food-restricted regions such as Western cities
the results showed an increased breast cancer
risk (RR=1 1) and for those living in a Western
rural area in 1944-1945 also (RR=1 5) With
respect to the war period (1940-1944) no
differences in breast cancer risk were found for
women who lived in a city (food restricted area)
in 1942 vs women who lived in a rural area
Having an unemployed father during the
Economic Depression years 1932-1940 was
associated with a small, but not significant,
decrease in breast cancer risk (RR=0 9)
Several alternative explanations for the results
will be discussed The potential for selection
bias in the NICS is low considering the high
completeness of cancer follow-up.
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Table 4 Relative rate of breast cancer for women exposed to energy restriction before, during and
after their adolescent growth spurt (2 yr<menarche<1yr) and their sensitive penod (menarche-
1st child) in the time-period 1944-45, 1942-43 en 1933-34 Netherlands Cohort Study 1986-
1992
Exposure
Before growth spurt
Cases
Hunger winter 1944-1945
Non-West 8
Western rural area 3
Western city 2
War years 1942-1943
Rural area in 1942
City in 1942
Economic Depression
Father had a job
Father had no job
Hunger winter 1944-45
Non West
Western rural area
Western city
War years 1942-1943
Rural area in 1942
Citvin 1942
23
33
RR'
1 0 '
14
03
1.0*
05
1933-1934
463 1 0 '
54 11
Before
32
12
22
18
14
95%CI
t
022-951
003-204
0 22-1 34
0 74-1 56
sensitive penod
10*
2.9
0.7
1.0'
07
1.04-8.03
0 26-161
t
0 28-1 73
During
Cases
CM
 CM
 
O
O
 
CO
 CO
81
74
226
24
growth
RR"
10*
18
1.2
1.0*
1.0
1 0 '
08
spurt
95%CI
101-315
0.77-1.99
0 65-1 52
0 45-1 39
During sensitive period
354
123
190
241
250
1.0*
1.4
11
1.0*
10
1.07-1 86
0.90-1.43
0 76-1 22
After growth
Cases RR'
332
112
182
190
215
40
5
10*
1.3
1.1
10*
10
10*
07
spurt
95%CI
0 99-1 77
0.87-1.41
0 75-128
0 15-313
After sensitive period
64
19
48
43
62
1.0*
1.7
11
1 0 '
09
085-3.37
0.62-1.79
0.52-1.56
Economic Depression 1933-1934
Father had a job 585 1.0* 144
Father had no job 64 0 9 0 61-1.27 19
no women who were
1.0 * after their sensitive-
0 9 0.49-170 period in 1933-34
* Relative rate after adjustment (or age age at menopause parity age at first birth, maternal breast cancer
breast cancer in sister(s). benign breast disease, alcohol use. energy consumption, education
* Reference category
' Only age-adjusted
Also, there were no reasons to assume that
residual confounding was still present because
all major risk factors for breast cancer were
measured and controlled for in multivahate
analyses Differential recall of major events such
as age at first birth, parity, age at menarche and
residence during the Hunger winter seems
unlikely A factor that could have influenced the
results is misclassification of food restriction
exposure Three proxy measures of energy
restriction were used in this study the fathers'
employment status of the women during the
Economic Depression years, residence during
the World War II (1940-1944). and residence
during the Hunger winter (1944-1945) Whereas
surveys showed that energy intake was
associated with fathers' employment status in
1932-1940 [12. 13]. that the food supply in the
cities deteriorated much faster than in the rural
area during 1940-1944 [9. 10] and that
starvation in the West in 1944-1945 was mostly
confined to Western cities [6-8], we are aware
that these ecological measures are only a proxy
measure of individual exposures Other studies
used the same proxy measure for energy
restriction in the Hunger winter These studies
found relations between living in a Western city
and pennatal mortality of the newborn, lower
birth weight and delay in the onset of menarche.
These studies had a more complete exposition
available in their study population compared to
the population of the NLCS-cohort Most of the
women in the NLCS-cohort had already passed
their menarche The severe energy restriction
dunng the hunger winter, could therefore no
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longer affect the age of menarche of these
women
Also long term effects have been reported on
the birth weight of offspring of women who
themselves were conceived during the famine
penod These results indicate that the residence
in 1944-1945 is a good predictor for energy
restriction and is likely to be a valid measure
[21.27-32]
In our study we asked only the female
subcohort members, during follow-up if they
really had experienced hunger during the winter
of 1944-1945 Our results showed that 75% of
the women living in a Western city reported that
they experienced hunger during the winter of
1944-1945 of whom 35% experienced severe
hunger Of the women who reported severe
hunger dunng the Hunger winter 80% lived in a
Western city during this winter These results
also indicated that the proxy measure for energy
restriction in the Hunger winter is reasonably
adequate In our study the period of severe
energy restriction was relatively short in the
Hunger winter (only 7 months of severe
deprivation, i.e. less than 40% of normal energy-
intake) [7] The short duration of energy
restriction could be a possible explanation for
not finding an effect on breast cancer risk.
Nevertheless, the famine had an effect on
reproductive factors of women who gave birth
during and after the Hunger winter and were
exposed to the famine [29. 31. 32] A delay in
the birth of the first child is seen in the NLCS
although the number of births is very small and
this effect is seen in the whole country
With respect to the War years (1940-1944) no
association was found between living in a city
and breast cancer risk During World War II the
food situation leveled off for everybody, for
people living in city as well as for people living in
rural areas[33] Therefore the contrast in energy
intake between the exposure categories was
probably not sufficient to detect an effect of
energy restriction In addition we defined
exposure as a combination of residence in 1942
and being in the adolescent growth spurt For
women who lived in a city in 1942 and being in
their adolescent growth spurt a borderline
significant decrease in breast cancer risk was
seen (RR= 0.7) This definition of exposure
suggests that energy restriction has more
impact on women being in the adolescent
growth spurt than on women only living in a city
in 1942 Possibly, the adolescent growth spurt is
a more important factor than residence in 1942.
Another possible explanation of our findings
could be the opposite effects of energy
restriction on selected breast cancer risk factors
Energy restnction may delay age at menarche,
which may lead to a decrease in breast cancer
nsk In our study a delay in age at menarche is
seen for women who were still at risk for their
menarche at the beginning of the Hunger winter
(mean age of menarche 15 years) This effect
was seen in the whole country and not only for
the Western region However, due to energy
restriction and social circumstances during the
Hunger winter, a delay in the birth of first child
could also occur, which may lead to an increase
in breast cancer nsk These opposite effects of
energy restnction early in life could have
resulted in no overall effect on breast cancer risk
later in life
Height is a risk factor for breast cancer in the
NLCS-cohort [34] Energy restriction early in life
may negatively affect attained height, which
might itself lead to a reduction in breast cancer
risk [35-38] Our data show that the variable
adult height is associated with the exposure in
the Economic Depression years Women whose
father was unemployed during the Economic
Depression are significantly shorter than women
whose father had a job during this period (table
1) Therefore, the longer period of relatively
minor food deprivation during the Economic
Depression years could have had an effect on
adult height and. consequently, on breast
cancer risk Adult height was not associated with
exposure in the War years and the Hunger
winter
The cohort could have been too old at the time
of exposure During exposure in the Hunger
winter no women were under 13 years of age
The influence of energy restriction might play a
role earlier in life than around the age of
menarche The results of the subgroup analyses
point in this direction Subgroups in which
exposure before growth spurt and sensitive
period was analyzed, showed a decrease in
breast cancer risk for women living in a Western
city in 1944-1945. living in a city in 1942 and
having an unemployed father during the
Economic Depression years (only for exposure
before the sensitive period), although the
number of women in the subgroups was very
small These analyses should be repeated when
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follow-up data is available for later years with a
larger number of cases
Another explanation for the elevated breast
cancer risk in the Western rural area could be
the choice of the reference category For various
reasons, the Western part of The Netherlands
may not be directly comparable to the other
parts of The Netherlands Specifically, because
of historical migration patterns, there may be
region-specific breast cancer risks In the NLCS.
the Western rural area did not differ from the
Western cities or other parts of The Netherlands
In breast cancer risk factors (see table 1 and 2)
However, whereas the Western Netherlands
was exposed to severe food and fuel shortages
during the winter of 1944-1945. the overall
reproductive casualty rates (stillbirths plus infant
mortality) were no worse in the West, and for
most of the time, considerably lower than in the
North and South of the country [6. 8] As an
explanation for this paradox selective migration
of w"im«n towards
the West has been postulated [39] It is possible
that this has led to regional baseline differences
in breast cancer risk
We made an additional comparison with
different reference categories for the Hunger
winter period 1944-1945 When the multivanate
analysis was limited to the Western region, the
RR for the women who lived in a Western city is
decreased (RR=0 7). compared to women who
lived in the Western rural area
In conclusion, we found no strong support for
the hypothesis that energy restriction in the
defined periods of adolescence leads to a
decrease in breast cancer risk in adults living in
The Netherlands In future studies the effects on
breast cancer nsk should be explored among
populations who experienced energy restriction
for a longer period of time, especially before
menarche.
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Abstract
This study investigated the association between prostate cancer risk and energy restriction during
childhood The authors examined the hypothesis among 58,279 men aged 55-69 years enrolled in the
Netherlands Cohort Study on diet and cancer (NLCS) Information on diet and risk factors was
collected by questionnaire in 1986 Additional information was collected on residence during the
Hunger winter (1944-1945). the World War II years (1940-1944) and fathers employment status
during the economic depression of 1932-1940, used as indicators of exposure. A case-cohort
approach was used After 7 3 years of follow-up (through December 1993). 903 prostate cancer cases
were available for analysis Analyses were carried out for all prostate cancer cases
The prostate cancer rate ratio for men who had lived in a western Netherlands city in 1944-1945 was
1 15 (95 % confidence interval (Cl) 0 80. 1 31). and the rate ratio for men who had lived in a western
rural area in 1944-1945 was 1 30 (95 % Cl 0 97, 1 73) Residence dunng the war years (1940-1944)
and fathers employment in 1932-1940 showed no relation to prostate cancer risk In subgroup
analyses in which exposure before, during, and after the adolescent growth spurt was evaluated, the
same pattern as that of the overall data was shown
The authors found no evidence for the hypothesis that energy restriction early in life decreases
prostate cancer risk later in life
fO<rx MJW. van den Brandf PA. Go/doohm RA Lumey LH Energy njs/ncfcon /n ch//dhood and
ado/escence and rne ns* of prosfafe cancer resu/fs of ff>» A/efheriands Cohort Sfudy
Jouma/ of£p«/em/otogy 200J. T54 530-7
Energy restriction and prostate cancer
Introduction
Prostate cancer is the second most commonly
diagnosed cancer in males after lung cancer
The age-standardized incidence rate in the
Netherlands m 1994 was 87 2 per 100.000
males In addition, the number of newly
diagnosed patients with prostate cancer has
recently increased considerably [1]
The role of dietary nsk factors in the
development of prostate cancer is not clear
Ross and Henderson [2] stated that diet could
alter steroid hormone profiles and thereby
modify prostate cancer risk throughout life Their
model suggests that diet-regulated hormonal
influences first exert an effect in utero Ross and
Henderson speculated that high testosterone
levels during pregnancy might contribute to high
rates of prostate cancer in male offspring A
high-fat diet dunng childhood could also
contribute to early puberty and to a prolonged
exposure to testosterone It has been
hypothesized that exposure to a high-fat diet
during adolescence may initiate tumor
development Diamandis et al (1996)
speculated that in early life, especially around
puberty, when there is an abrupt and massive
increase of steroid hormone production by the
testes. prostate cells might undergo malignant
transformation and start to proliferate [3-5]
Several studies have evaluated the relation
between diet and prostate cancer, but only a few
have concentrated on diet in adolescence
Slattery et al (1990) conducted a case-control
study of prostate cancer in which reported food-
consumption patterns for the adolescent and
adult years were assessed Men who had had a
diet high in saturated fatty acids as adolescents
were not at increased risk of developing prostate
cancer [6] Another study evaluated the relation
of dietary and lifestyle characteristics to
subsequent prostatic cancer nsk in a cohort of
14 000 Seventh-day Adventist men In that
study exposure to a vegetarian diet dunng
childhood was not associated with prostate
cancer risk later in life [7] Results of a case-
control study carried out in Sweden showed no
clear association between dietary habits dunng
childhood and adolescence and prostate cancer
nsk [8] To investigate the relation between earty
dietary exposures and later cancer nsk. proxy
measures are generally needed, because no
individual data on diet early in life are available
In the Netherlands, a substantial portion of the
population experienced severe famine in World
War II. dunng the so-called Hunger winter of
1944-1945 The famine especially affected the
western part of the country This unique setting
has provided researches with an opportunity to
study the effects of severe undemutntion dunnfl
adolescence on risk of prostate cancer later In
life (9-11] In addition, a penod of chronically
impaired nutrition existed in the Netherlands
dunng the earlier years of World War II (1940-
1944) and the Economic Depression of the
1930s As a consequence of the poor availability
of food products in the cities, nutritional
differences developed between residents of
cities and residents of rural areas during the war
years (12, 13] Dunng the Economic Depression
a large proportion of people were unemployed
Several surveys showed that there was little
vanation in the food patterns of unemployed
families and that their energy intake was not at
the same level as the intake of employed people
(14-17] The energy restriction during these
three periods, Economic Depression, the War
years and the Hunger winter was the sublet of
investigation in this study
We examined the association between diet in
childhood and adolescence and prostate cancer
nsk in the Netherlands Cohort Study (NLCS) on
diet and cancer Men who had been in their
pubertal years during the Economic Depression,
the War years and the Hunger winter were
included in this prospective cohort study We
also examined interactions with the age at which
dietary restnction had taken place
Materials and methods
The Netherlands Cohort Study started in
September 1986 when 58.279 men aged 55- 89
years were enrolled in the cohort The total
cohort comprises the 120.852 subjects who
completed the baseline questionnaire, which
was sent to 31940.439 persons (response
rate=35 5 percent) Subjects originated from
204 municipal population registries throughout
the country Baseline exposure data were
collected by means of a self-administered
questionnaire The questionnaire referred to
dietary habrts and potentially confounding
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dietary habits and potentially confounding
factors such as physical activity, anthropometnc
measurements, smoking, education, and family
history of cancer Also included were questions
about residences of the cohort members,
including residence in the winter of 1944-1945
and father's employment status during the
Economic Depression A detailed description of
the cohort study design has been reported
elsewhere [18] After the baseline exposure
measurement, a subcohort was randomly
sampled from the cohort and was followed
biennially by questionnaire for information on
vital status information, drug use. and
occurrence of other diseases Incident cancer
cases occurring in the entire cohort were
Identified through record linkage to cancer
registries and a national pathology register
(PALGA) The method of record linkage has
been described previously (19)
In order to minimize potential observer bias in
coding and data interpretation, data from the
subcohort and from prostate cancer cases were
key-entered twice by research assistants who
were blinded with respect to subcohort/case
status. The present analysis was restricted to
cancer incidence during the 7 3-year follow-up
period from September 1986 to December 1993
Completeness of cancer follow-up exceeded 96
% [20], After these 7.3 years of follow-up, 903
prostate cancer cases were available for
analysis, after exclusion of prevalent cases
Prevalent cases of cancers other than skin
cancer were also excluded from the subcohort,
after which 1,630 men remained for analysis.
Data analysis used the case-cohort approach, in
which cases are derived from the entire cohort,
while person-years at risk are estimated from
the subcohort
Assessment of energy resfricf/on
The exposure variables had to adequately
represent the energy restriction experienced by
the men in the cohort during the Economic
Depression years (1932-1940). the War years
(1940-1944) and the Hunger winter (1944-
1945). Data on the men's intake of individual
food during these periods were not available;
therefore, we used proxy variables for the
energy restriction incurred during each of these
periods For the Economic Depression years
(1932-1940). the occupation of the subject's
father was the best available proxy variable
Having an unemployed father was taken to
indicate that the amount of calories available
was sufficient but the variation in the subject's
food pattern was limited The exposure variable
for the Economic Depression years was
dichotomous men whose father had had a job
during most of the period and men whose father
had had no job during that period For the War
period (1940-1944) and the Hunger winter
(1944-1945), the city of residence during the
period was taken to approximate exposure to
energy restriction Living in a city with more than
40.000 inhabitants in 1942 (midpoint year 1940-
1944) was considered an indicator for energy
restriction during the war because of the
documented nutritional differences between
cities and rural areas [13] This exposure
variable was dichotomous. (living in a city in
1942 vs. living in a rural area in 1942).
With respect to the Hunger winter, three
categories were defined men who had lived in a
Western city, men who had lived in a Western
rural area and men who had lived in a Non-
Western part of the Netherlands Living in a
western city in 1944-1945 was considered an
indicator for severe energy restriction The
definition of a famine city (>40,000 inhabitants)
was based on the definition used in the study by
Steinetal [21].
In addition, the timing of exposure was
considered During the adolescent growth spurt
of boys, energy restriction may have a
considerable impact on later cancer risk If less
energy is available during the growth spurt, cell
division may be slowed, making cells less
susceptible for carcinogenic factors [2J.
Adolescent growth spurt, as used in this study,
was taken to occur between the ages of 12 and
15 years [22] For men who had been in the
adolescent growth spurt, the three exposure
periods were defined more specifically. Since
the exposure periods were age-dependent and
of varying durations, we decided to restrict the
relevant time span in the long exposure periods.
1932-1940 and 1940-1944 to the years in which
the food situation was worst For the Economic
Depression period, we selected the years 1933-
1934 because the literature on the Economic
Depression showed a very poor food situation in
the early years and some improvement in the
later years Thus, only men with an adolescent
growth spurt in 1933-1934 were included in that
subgroup The age range was 2-11 years for
men who had been exposed in the Economic
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Depression years before their adolescent growth
spurt For the World War II period, we selected
the years 1942-1943 because the food situation
deteriorated progressively during the war and
the years 1942-1943 represented the worst
years of the pre-famine period The men who
had been exposed in the war years before their
adolescent growth spurt were all 11 years old at
that time
The data distributions of exposure vanables for
the prostate cancer cases and the male
subcohort members were compared
Associations between exposure variables and
covanates were also studied in the subcohort
For the continuous covanates age. height.
Quetelet index [23]. and intake of energy and ß-
cryptoxanthin [24] at baseline, mean values
were compared between the exposure
categories The statistical significance of these
associations was tested by t-tests and analysis
of variance Chi-squared tests were also
conducted for associations between exposure
categories and categorical covanates
Covanates associated with prostate cancer itself
or with any of the exposure variables were
considered as potential confounders Age.
family history of prostate cancer, educational
level, intakes of fi-cryptoxanthin and energy at
baseline, marital status, and height were
considered as confounders because they were
associated with the exposure variables All
analyses were carried out using GLIM software
[25] Data were analyzed using the case-cohort
approach, calculating age-adjusted rate ratios
(RR) for prostate cancer and 95 % confidence
Table 1 Distnbution of the food restricted exposure variables for the male subcohort and prostate
cancer cases in the Netherlands Cohort Study (Sept 1986-Dec 1993)
intervals (Cl) Test for trend were based on
likelihood ratio tests In multivanate analyses,
adjustment for covanates was carried out To
assess whether the effect of energy restriction
on prostate cancer risk was modified by the
timing at which dietary restriction took place,
prostate cancer rate ratios for energy restriction
in each of the three study periods were
calculated within strata of the adolescent growth
spurt RR s were also computed in subgroups of
localized, advanced, and latent prostate tumors
The classification into localized tumors (TO-2,
MO) and advanced tumors (T3-4. MO TO-4, M l )
was based on the tumor-node-metastasis (TNM)
staging system [26] On the basis of information
from the pathology reports, which we obtained
from PALGA. prostate cancer cases detected
during transurethral prostate resections were
coded as latent Cases detected during surgical
procedures related to suspected cancer (biopsy,
radical prostatectomy) were coded as nonlatent
[24] Cases were excluded from these subgroup
analyses when this additional information was
unknown or unclear (38 1 percent).
Results
Table 1 shows the distributions of the exposure
variables among prostate cancer cases and the
male subcohort Table 2 presents overall means
for continuous variables and the distributions of
categorical variables in relation to the exposure
categories among subcohort men
Exposure vanables
Subcohort <n« 1630)'
n %
Cases (n-903)*
n %
Hunger winter 1944-1945
non-western
rural western
western city
War year» 1940-1944
rural area
crty
Economic Depression 1932-1940
father had a job
father had no job
794
199
334
576
581
1343
185
59 8
150
25 2
49 8
502
87 9
12 1
396
126
181
306
346
749
196
563
179
25 8
45 7
543
886
114
* due to missing data numbers may not add up to 1630 and 903
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Tabte 2 Means and standard deviations (s d ) of selected continuous and categorical vanables by food r
(n=1630). Netherlands Cohort Study 1986-1993
stnctK * e category in mate subcohort membarm O
1
Hunger winter 1944-1945
Non-West
mean (s d )
Rural West
mean (s d )
City West
mean (s d )
War years 194O-1S44 Economic Depression 1932-1940
Rural area City m 1942
mean (s d ) mean (s d )
father a job father no |Ot>
mean (s d ) mean (s d )
Age 61 0 (4 2)
Height (cm) in 1986 176 1 (6 7)
Weight(kg)in 1986 78 5(9 7)
Weight at age 20 6 8 3 ( 8 1 )
Body mass index (kg/m*) 25 3 (2 7)
Alcohol intake 1986 (g/day) 14 8(16 9)
Energy intake 1986 2161 (543)
(kcal/day)
(J-cryptoxanthin 134 (140)
(ug/day)
60 7(4 2)
178 9(7 0)
78 0(9 7)
68 0(9 2)
24 4 (2 6)
14 0(15 0)
2180(517)
61 2(4 4)
177 0(6 6)*
77 8 (9 5)
67 1 (8 1)
24 8(2 6 ) '
13 8(16 7)
2071 (472)'
141 (150) 163 (175)*
61 1 (4 2)
176 6 ( 7 0)
79 0 (9 9)
684(81)
25 3 (2 7)
13 7(14 9)
2173 (537)
61 6 (4 2)
176 2(6 7)
77 0(9 0)"
67 4 (8 6)
24 8(2 6 ) '
138(16 2)
2091(494)'
128 (143) 162(159)'
61 3 (4 2)
176 8(6 7)
78 2 (9 7)
67 8 (8 3)
25 0 (2 6)
14 7(16 9)
2152 (519)
61 5 (4 3)
1766(7 4)
77 9(9 9)'
68 0(9 8)
24 9 (2 8)
13 4(14 5)
2083 (509)
148 (159) 146 (158)
father with prostate cancer
no
yes
brother with prostate cancer
no
yes
level of education
low
medium
high
marital status
single
divorced
married
widower
98 0
20
100 0
53 2
30 9
15 9
4 4
3 8
864
54
97 0
30
99 0
10
50 8
32 2
17 1
4 1
0 5
934
20
98 5
15
99 4
0 6
37 5'
38 7
23 7
4 5"
4 5
86 7
43
98 3
1 7
99 7
03
31 5
58 3
102
35
26
895
44
97 2
28
97 7
03
43 3'
40 3
164
40
48
860
52
97 6
24
998
02
45 9
360
18 1
43
36
87 6
45
984
1 6
995
05
6 4 1 '
23 4
12 5
1 6
49
864
7 1
* anova (p<0 05)
' t-test (p<0 05)
' chl square (p< 0 05)
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For the Hunger winter period height, intakes of
energy and ß-cryptoxanthin. having a brother
with prostate cancer, educational level, and
marital status differed between the three
exposure categories Men who had lived in a
western rural area dunng the winter of 1944-
1945 were taller and had the highest energy
intake in 1986 compared with men who had
lived in a western city or in some other part of
the Netherlands in that winter Men who had
lived in a western city during the Hunger winter
had the highest level of ß-cryptoxanthin intake
compared with men living in other parts of the
Netherlands For the World War II years (1940-
1944). weight, energy intake, ß-cryptoxanthin
intake, and educational level were significantly
different between the exposure categories Men
who had lived in a city during the war years
were less heavy than men who had lived in a
rural part of the country during the war Baseline
energy intake was significantly lower and intake
of ß- cryptoxanthin was significantly higher for
men who were living in a city in 1942 as
compared with a rural area Men whose fathers
had had no job during the Economic Depression
years were considerably less educated than
men whose fathers had had a job during the
depression
Table 3 shows results from the age-adjusted
and multivanate analyses of exposure in the
Table 3 Age-adjusted and multivanate rate ratios (RR) of prostate cancer, according to food restriction
exposure in three time periods. 1944-1945. 1940-1944 and 1932-1940. Netherlands Cohort
Study 1986-1993 (7 3 yrs follow-up)
three periods and prostate cancer risk For the
Hunger winter, multivanate analyses showed an
increased nsk (RR«1 30 95% Cl 0 97-1 73) for
men living in a Western rural area compared
with in other parts of the Netherlands A small
elevated risk was also seen for men living in a
western city (RR=1 15. 95 % Cl 0 80-131)
compared with other parts of the Netherlands
For exposure dunng the remaining war years, a
nsk of 1 12 (95 % Cl 0 90-1 40) was seen for
men who had lived in a city in 1942 as
compared with a rural area With respect to the
Economic Depression years, age-adjusted and
multivanate analyses showed the same results
A small decrease in risk was seen for men
whose fathers had been unemployed during the
Depression years (age-adjusted RR«0 93 95 %
Cl 0 70-1 22. multivanate R=0 95. 95 % Cl
0.71-1.27). We conducted several subgroup
analyses to evaluate possible effects of the
timing of energy restriction (see table 4) As a
consequence of our definition of the adolescent
growth spurt, (ages 12-15 years), the subgroup
exposure before growth spurt in the Hunger
winter' contained no cohort members All the
men had been older than 12 years at the time of
the Hunger winter
Exposure
Hunger winter 1944-1945
Non-West
Western rural area
Western city
War year* 1940-1944
Rural area in 1942
City in 1942
Age-adjusted
Cases Person
396
126
181
306
364
Economic Depression 1932-1940
Father had a job
Father had no job
749
96
years
5449
1391
2277
3969
3975
9295
1265
1 00
1 34
109
1 00
1.13
1 00
0 93
RR' 95% Cl
102-1 75
087-1 37
0 93-1 38
0 70-122
Multivanate
Cases
363
113
168
269
342
681
87
Person RR' 95%CI
years
4914
1260
2090
3540
3677
8515
1085
100
1 30
1 15
100
1 12
1 00
095
0 97-1 73
0 80-1 31
0 90-140
0 71-1 27
' Reference category
| Age in three categories. 55-59 yr. 60-64 yr. 65-69 y
Rate ratio after adjustment for age. prostate cancer in family, energy intake in 1986 (kcal/day).
education, marital status, height, ß-cryptoxanthin (ug/day)
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Table 4 Rate ratios (RR) of prostate cancer for men exposed to energy restriction before, during and
after their adolescent growth spurt (12-15 years) in the time period 1944-1945. 1942-43 and
1933-34, Netherlands Cohort Study 1986-1993 (7 3 yrs of follow-up)
Exposure
Before growth spurt
RR' 95% Cl
During growth spurt
RR' 95%CI
After growth spurt
RR' 95%CI
Hunger winter 1944-1 MS
Non-West no men before their 1 00 *
Western rural area growth spurt 186 0 85-4 07
Western city 101 0 46-2 22
War year* 1940-1944
Rural area 1942 1 0 0 ' 1 0 0 '
City in 1942 6.14 008-4 80 117 0 70-195
Economic Depression 1932-1940
Father had a job 100 ' 1 0 0 '
Father had no job 110 0 74-164 0 93 0 57-152
100"
124 0 90-171
103 0 79-1.35
1.00»
1.11 0 87-1.42
100"
0 53 0 20-138
' Reference category
' Rate ratio after adjustment for age. prostate cancer in family, energy intake in 1986 (kcal/day),
education, marital status, height, ft-cryptoxanthin (ug/day)
Exposure to energy restriction during the
adolescent growth spurt showed no decreased
risk (RR=1 01, 95 % Cl 0 46-2.22) for men who
had lived in a western city during the Hunger
winter as compared with non-western parts of
the Netherlands For men living in a western
rural area during the Hunger winter, a slightly
increased risk (RR=1 86. 95 % Cl 0 85-4 07)
was seen in comparison with living in a non-
western parts of the Netherlands during that
winter, but the number of cases was very small
and the 95% confidence interval was
accordingly large During the war years a slightly
increased risk of prostate cancer (RR=1 17.
95% Cl 0 70-1 95) was seen for men living in a
city in 1942 during their adolescent growth spurt
in comparison with men who were living in a
rural area in 1942 The RR for men whose
fathers had had no job in 1933-1934 and who
were in their adolescent growth spurt at that
time showed a slight decrease in prostate
cancer risk (RR=0 93. 95 % Cl 0 57-1 52) The
subgroup exposed after the adolescent growth
spurt showed a decreased risk (RR=0 53. 95 %
Cl 0 20-1 38) for men whose fathers were
unemployed during the Depression years, but
the number of cases was small For men
exposed before their adolescent growth spurt
and whose fathers were unemployed during the
Depression years a small increased nsk was
seen (RR=1 10, 95 % Cl 0 74-1.64).
We also conducted multivariate analyses for
energy restriction in the three time periods
separately for localized, advanced, latent, and
non-latent tumors In the subgroup with localized
prostate tumors, men living in a western city
showed a decreased risk (RR=0 84, 95 % Cl
0 58-1 21) compared with men living in other
parts of the country The other subgroup
analyses for the other exposure periods showed
no pattern that differed from the overall results
(data not shown) The energy restriction
measures showed no consistent association
with any specific subgroup of prostate cancer
tumors
Discussion
In this study we found no evidence for the
hypothesis that energy restnetion during
adolescence is related to a decrease in prostate
cancer risk The results showed a slightly
elevated prostate cancer nsk among men who
had lived in the presumably food restricted
regions such as western cities (RR=1 15) and
western rural areas (RR=1 30) dunng the
Hunger winter 1944-1945. compared with
controls living in northern and southern parts of
the Netherlands who had almost no exposure to
energy restriction No association was seen with
respect to the other War years (1940-1944)
(RR=1 12) or the Economic Depression years
(RR=0.95). In the subgroup analyses, in which
SO
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subjects exposure before, during, and after the
adolescent growth spurt was evaluated, the
results again showed no support for the
hypothesis that energy restriction early in life
plays a role in the development of prostate
cancer
Before we discuss these results in relation to
those of other studies, we wish to make several
relevant remarks about the Netherlands Cohort
Study Loss to follow-up is the primary source of
potential selection bias in prospective cohort
studies Given the high completeness of follow-
up for the cases and subcohort person years in
the NLCS [20]. selection bias is unlikely
Because we considered the most important
potentially confounding factors reported in the
literature and included in the multivanale model
all factors associated with prostate cancer risk
or the exposure variables ( e g , age. family
history, energy intake), only unmeasured or still
unknown other factors may have caused
residual confounding.
A factor that could have influenced the results is
misclassification of exposure to energy
restriction Three proxy measures of energy
restriction were used in this study the
employment status of the men's fathers during
the Economic Depression years (1932-1940),
residence during World War II (1940-1944). and
residence during the Hunger Winter (1944-
1945) Whereas surveys have shown that
energy intake was associated with father's
employment status in 1932-1940 [16]. that the
food supply in the cities deteriorated much faster
than that in rural areas during 1940-1944 [12.
13]. and that starvation in the western of the
country in 1944-1945 was mostly confined to
cities (9-11. 13]. we are aware that these
ecologic measures are only a proxy measure of
individual exposures However, other studies
used the same proxy measure we did for energy
restriction during the Hunger winter, and their
results also indicated that our proxy measure for
energy restriction in the Hunger winter is
reasonably adequate [27. 28] The finding of no
association in our study could be due to a lack
of vanability in exposure
In our study the period of severe energy
restriction during the Hunger winter was
relatively short (7 months of severe deprivation
at less than 40% of normal energy-intake) [9]
The short duration of energy restriction could be
an explanation for our not finding an effect on
prostate cancer risk With respect to the war
years (1940-1944) no association was found
between living in a city and prostate cancer risk.
During World War II. the food situation leveled
off for everyone, people living in the city as well
as people living in rural areas [29] Therefor«,
the contrast in energy intakes between the
exposure categories could not have been
sufficient to detect an effect of energy restriction
in 1940-1944 Furthermore, the cohort could
have been too old at the time of exposure, sine«
dunng exposure in the Hunger winter no men
were under 12 years of age.
Only a few studies have examined the relation
between adolescent diet and prostate cancer
risk Two studies were case-control studies
[6,8]. and one study was the cohort study of
14,000 Seventh Day Adventist men [7] The
results of these studies are consistent with our
findings The case-control studies suggested
that adolescent diet is not an important risk
factor for prostate cancer but that perhaps other
pubertal events affect prostate cancer risk (e g ,
physical activity during childhood) Men who had
diets high in saturated fatty acids a t adolescents
were not at increased risk for prostate cancer It
might be true that no association exits between
energy restriction in adolescence and prostate
cancer risk later in life.
In our study, data on physical activity In
childhood were not available Energy restriction
during childhood and adolescence did have an
impact on attained height and weight Height
was not a risk factor for prostate cancer in the
NLCS-cohort but for body mass index (BMI) at
age 20 years a significant positive trend in risk
was observed [23] This positive association is
somewhat unexpected In general, obesity hat
been reported to be inversely associated with
plasma testosterone levels [30-33], and lower
testosterone levels may be related to towar
prostate cancer risk [2] However, obesity alto
shows an inverse relation with sex hormone-
binding globulme (SHBG) and SHBG it
hypothesized to have an inverse association
with prostate cancer risk [4] It might be
plausible that different hormones or hormone
levels are involved at different stages in prostate
cancer development Low energy intake during
childhood and adolescence may be reflected in
a lower height weight ratio at age 20 years Our
data show that weight at age 20 is related to the
exposure variables and height at baseline was
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also related to exposure during the Hunger
winter period (men living in a western city were
not as tall as men living in a western rural area)
The subgroup analyses, with respect to different
prostate cancer tumors or the timing of
exposure, showed the same pattern as the
overall result«
In conclusion, we found no support for the
hypothesis that energy restriction in childhood
and adolescence leads to a decrease in prostate
cancer risk among adults living in the
Netherlands In future studies, the effects of
energy restriction on prostate cancer risk should
be explored among populations who
experienced energy restriction for longer periods
of time and earlier in Irfe It would also be
Important that exposure for each subject be
repeatedly assessed throughout life to promote
Insight into the relation of childhood nutritional
patterns to cancer risk
the Netherlands Cohort
Study was supported by the Dutch Cancer
Society and this project was financially
supported by the American Cancer Society
(grant no CCE-86051) and National Cancer
Institute (grant no RO1CA81281-02)
(L H.Lumey, PI)
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Abstract
Ob/ecffve
The purpose of this study was to evaluate the effects of severe undernutrition during adolescence and
subsequent colon cancer risk.
We examined the hypothesis in the Netherlands Cohort Study on Diet and Cancer (NLCS). among
62.573 women and 58,279 men aged 55-69 years at baseline Information on diet and risk factors was
collected by questionnaire in 1986 Additional information was collected on residence during the
Hunger winter (1944-1945), the World War II years (1940-1944) and father's employment status
during the economic depression of 1932-1940. used as indicators of exposure After 7 3 years of
follow-up. 807 colon cancer cases (388 females and 419 males) were available for analysis.
Resu/fs
Multivanate analysis showed that both men and women who had lived in a Western city in 1944-1945
had a decreased colon cancer risk (men RR=0 85. 95% CI 0 62-1 16; women RR=0 80. 95%CI 0 59-
1 09) For the war years (1940-1944) we found no association between colon cancer nsk and urban
vs rural residence Having an unemployed father dunng the Economic Depression years 1932-1940
was associated with a small, but not significant decrease in colon cancer nsk both for men (RR=0 90.
95% CI 0 62-1.31) and women (RR=0 75. 95%CI 0 49-1 14) In subgroup analyses, a decreased colon
cancer risk for men and women who were in their adolescent growth spurt and living in a Western city
during the Hunger winter of 1944-1945 was seen (men RR=0 72. 95%CI 0 31-1 65; women RR=0 88,
95%CI 0 40-1 96)
ConcVuswn
We found in our study an inverse relation between energy restriction earty in life and subsequent colon
cancer risk, both for men and women
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Introduction
Colon cancer is the fourth most common cancer
worldwide For both sexes the incidence pattern
,s similar 11]. In the Netherlands the colon
cancer incidence is approximately 50 per
100 000 in women and 60 per 100.000 in men
[21 In recent years the hypothesis that
nutritional habits in childhood or adolescence
(particularly calonc intake) may be associated
with increased colon cancer risk - possibly
mediated through hormone levels, body size or
other components of energy balance- has
attracted increased attention In spite of the
considerable literature from animal models
suggesting that calonc restriction significantly
reduces colon tumor risk [3-8], the results from
epidemiologic studies in humans are conflicting
19. 10]
Adult anthropometnc measures (height, body
mass index and sitting height) are often used as
a proxy for the nutritional status during
childhood and adolescence Albanes et al (111
demonstrated in their study of adult stature and
colon cancer risk a stronger inverse association
with the leg length component of stature than
with sitting height This finding agrees with early
lifetime exposure hypotheses, because leg
length is more sensitive to environmental
influences during early life and adolescence
than is sitting height [12. 13)
To investigate early dietary exposures in relation
to subsequent cancer risk, proxy measures are
generally needed as no individual data are
available on diet early in life In The
Netherlands a substantial part of the population
experienced a severe famine during World War
II the so called Hunger winter (winter of 1944-
45) especially m the Western part of the
country This unique setting provided the
opportunity to study the effects of severe
undernutntion dunng adolescence on the risk of
colon cancer later in life (14-161 In addition, a
penod of chronically impaired nutrition existed in
The Netherlands during the earlier years of
World War II (1940-44) and the Depression in
the 1930s As a consequence of the poor
availability of food products in the crt.es.
nutritional differences developed between crt.es
and rural areas dunng the war years [17 181
The available amount of calories was greater in
me rural areas Also, the ratio between the
dietary nutrients was different for cities and rural
areas In the cities carbohydrates contributed
more to the total amount of energy (70
energy%) compared to the rural areas (65
energy%) The contnbution of fat was also lest
in the cities compared to the rural areas (10
energy%vs 15 energy%)
During the Economic Depression a large
proportion of people were unemployed Several
surveys showed that in the food pattern of the
unemployed families there was little variation
and the energy intake was not at the same level
as for the employed people [19-21] The total
amount of energy available for unemployed
families compared to employed families was
3000 vs 3400 calories [22] The daily menu of
the unemployed people was very sober,
consisting of boiled potatoes and some fat Also
the bread meals underwent changes, no longer
including cheese, meat and confectionary The
energy restriction in these three period».
Economic Depression, the War year« and the
Hunger winter is sublet of inve»tigat.on in this
study
We examined the association between diet in
adolescence and colon cancer risk in the
Netherlands Cohort Study (NLCS) on diet and
cancer Men and women who were passing their
pubertal years during the Economic Depression,
the War and the Hunger winter were included in
this prospective cohort study In this study we
focused on the interaction with the age at which
dietary restriction took place with particular
attention to men and women who were exposed
during their adolescent growth spurt Our
hypothesis is that energy restriction during
childhood and adolescence will show •
protective effect on colon cancer risk later in life
Materials and methods
In September 1986. the Netherlands Cohort
Study (NLCS). investigating various lifestyle
variables dietary habits and potential
confounders of colon cancer was start«! Also
included were questions about the residences of
the cohort members dunng their entire We
including the residence in the war years and the
winter of 1944-45 and the fathers employment
status during the Economic Depression A
detailed description of the cohort study design
has been reported elsewhere [23] Briefly, the
cohort included 62.573 women and 58,279 men
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aged 55 to 69 years at the beginning of the
study The study population originated from 204
municipal population registries throughout the
country Baseline exposure data were collected
by means of a self-administered questionnaire
After the baseline exposure measurement, a
subcohort was randomly sampled from the
cohort and followed up biennially for vital status
information Incident cancer cases occurring in
the entire cohort have been identified by record
linkage to cancer registries and a national
pathology register (PALGA) The method of
record linkage has been described previously
[24)
The collected data from subcohort and colon
cancer cases were key-entered twice by a
research assistant who was blinded with respect
to subcohort/case status in order to minimize
observer bias in coding and interpretation of the
data The present analysis is restricted to cancer
Incidence in the 7 3-year follow-up from
September 1986 to December 1993.
Completeness of cancer follow-up was
estimated to exceed 96 percent After these 7.3
years of follow-up, 807 colon cancer cases (388
females and 419 males) were available for
analysis, after exclusion of prevalent cancer
cases and cases with in situ carcinoma
Prevalent cancer cases other than skin cancer
were also excluded from the subcohort. with the
result that 3346 subjects (1630 men and 1716
women) remained in this group For data
analysis the case-cohort approach was used in
which cases are derived from the entire cohort,
while the person-years at risk are estimated
from the subcohort
Assessment of energy resfr/cf/on
The exposure variables have to adequately
represent the energy restriction of the subjects
in the cohort for the Economic Depression years
(1932-40), the War years (1940-44) and the
Hunger winter (1944-45) Individual food intake
data of the cohort members in these periods
were not available; we therefore used proxy
variables for the energy restriction in each of
these periods For the Economic Depression
years (1932-40). the occupation of the father
was the best available proxy variable for energy
restriction Contemporary studies observed that
having an unemployed father indicated that the
family had less energy to consume and less
variation in their food pattern compared to
families with an employed father [19-22] The
exposure variable for the Economic Depression
years was dichotomous: subjects whose father
had a job and subjects whose father had no job.
For the other two periods, the War penod (1940-
44) and the Hunger winter (1944-45), the city of
residence during these penods was used to
approximate the exposure for energy restriction.
Living in a city in 1942 (midpoint year 1940-44)
with more than 40.000 inhabitants was
considered as an indicator for energy restriction
in the War period because of the documented
nutritional differences between a city and a rural
area This exposure variable was dichotomous,
cohort members living in a city in 1942 or living
in a rural area in 1942.
With respect to the Hunger winter, three
categories were defined, subjects who lived in a
Western city, subjects who lived in a Western
rural area and subjects who lived in a Non-
Western part of The Netherlands Living in a
Western city in 1944-45 was considered as an
indicator for severe energy restriction The
definition of a famine city (>40,000 inhabitants)
is based upon the definition of a famine city
according to the study of Stein et al [25] The
following western cities were determined as
famine cities: Amsterdam. Rotterdam, The
Hague, Utrecht. Zaandam, Hilversum,
Amersfoort, Dordrecht, Vlaardingen/Schiedam,
Delft and Leiden.
To assess whether the timing at which dietary
restriction took place modified the effect of
energy restriction on the risk of colon cancer,
rate ratios of colon cancer for energy restriction
in each of the three periods were calculated
within strata of the adolescent growth spurt
(subgroup analyses) In these analyses,
subjects were divided into subgroups depending
on exposure to energy restriction before, during
or after the adolescent growth spurt The
analyses were conducted for men and women
separately For men adolescent growth spurt
used in this study was taken to occur between
the ages of 12 and 15 years. For women, the
adolescent growth spurt in this study was
defined as 2 years before the reported age at
menarche until 1 year after the reported age at
menarche [26] Since the exposure periods are
age-dependent and of varying duration it was
decided to restrict the relevant time span in the
long exposure penods 1932-40 and 1940-44 to
the years in which the food situation was worst.
For the Economic Depression penod we
selected the years 1933-34 because the
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literature regarding the Economic Depression
showed a very poor food situation in the first
years of the Economic Depression and some
improvement in the later years Thus, only men
and women with the adolescent growth spurt in
1933-34 were included in the subgroup For the
War penod we selected the years 1942-43
because the food situation deteriorated
progressively during the World War II years and
the years 1942-43 represent the worst years of
the pre-famme penod
D*fa ana/ys/s
The distributions of the exposure variables were
compared between the colon cancer cases and
subcohort members, for men and women
separately For the continuous covanates age.
body mass index (kg/rrV). baseline alcohol and
energy intake, vitamin C intake, beta-carotene,
height and weight, mean values of these
vanables were compared between the exposure
categories Statistical significance of these
associations was tested by t-tests and analysis
of variance Significance of the association
between categorical covanates. such as large
bowel cancer in the family (yes/no), baseline
physical activity (< 30 min/day. 30-60 mm/day.
60-90 mm/day. > 90 min/day). education (low.
medium, high), meat consumption (<1 time a
week. 1-4 times a week >4 times a week) and
smoking (never/ever) and the exposure
categories, were tested by chi-square test
Baseline recreational physical activity was used
as the combination of the number of minutes
spent per day on biking/walking, shopping,
walking out the dog and the number of hours
spent per week on the activities gardening/doing
odd jobs, cycling/walking and sport/gymnastics.
The association between exposure variables
and covanates was studied in the subcohort
Covanates associated with colon cancer Itself or
with any of the exposure variables were
considered as potential confounders In the
multivanate analysis adjustment was made for
age. familial large bowel cancer, body mass-
index, baseline alcohol and energy intake,
recreational physical activity and education.
Data were analyzed using the case-cohort
approach [27. 28] The cases are derived from
the entire cohort, while the person-years at risk
of the entire cohort are estimated from a random
sample of 3500 people (subcohort) Incidence
rate ratios (RR) and corresponding 95%
confidence intervals (Cl) for colon cancer were
estimated using exponentially distributed failure
time regression models with the STATA
statistical package In multivanate analyses
adjustment for covanates was carried out All
analyses were carried out with STATA [29]
Table 1 Distributions of the food restriction exposure variables for colon cancer cases and subcohort member«.
separately for men and women in the Netherlands Cohort Study, (Sept 1988-Dec 1993}
Exposure vanables
Hunger Winter 1944-1945
Non-West
Rural Western area
Western city
War Y u r e 1940-1044
Rural area in 1942
C*ym 1942
Economic Depression
1932-40
Father a job
Father no job
Men'
subcohort
(n=1630)
794
199
334
576
582
1349
187
59 8
150
25 2
49 7
503
87 8
122
cases
(n=419)
200
39
80
131
159
357
44
%
637
11 9
24 4
45 2
548
800
110
Women"
subcohort
(n«1716)
800
240
454
508
624
1418
184
564
15 1
28 5
489
51 1
885
11 5
CM—
(n-388)
217
58
01
162
151
324
38
903
150
248
51 7
483
805
10 5
' due to missing data numbers may not add up to 1630 419 1716 and 388 retpectrvety
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Results
In table 1 the distributions of the exposure
variables for colon cancer cases and subcohort
members are presented, separately for men and
women Regarding the Hunger winter, there
were proportionally more men and women from
the case group living in the Non-Western region
compared with the subcohort members There
were also proportionally more men from the
cases living in a city in 1942 compared to the
subcohort For women, the distributions
regarding the War years and the Economic
Depression years were equal for cases and
subcohort female members
In the subcohort. men living in a Western rural
area in 1944-45 were the tallest, had the highest
energy intake at baseline and the lowest body
mass index (BMI) compared to men living in a
Western city in 1944-45 or men living in non-
Western region Men living in a Western city in
1944-45 were more educated compared to men
living in non-Western region or a Western rural
area Men who lived in a city in 1942 had a
lower weight and BMI, a lower energy intake at
baseline and were more educated compared to
men who lived in a rural area in 1942 (table 2a)
Table 2b shows that women who lived in a
Western city in 1944-45 had a lower BMI and a
lower energy intake at baseline, a higher intake
of alcohol at baseline and were more educated
compared to women living in a Western rural
area or in a non-Western region Women who
lived in a city in 1942 had a lower weight at age
20. had a higher alcohol intake, a lower energy
intake at baseline and were more educated
compared to women who lived in a rural area in
1942 Women whose father had no job during
the Economic Depression were younger,
shorter, had a lower weight at age 20. had a
lower energy intake at baseline and were less
educated compared to women whose father had
a job during the Depression
Table 3 shows the results of the age-adjusted
and multivanate analyses in which adjustment
was made for age. familial large bowel cancer.
BMI. baseline alcohol and energy intake,
education and baseline recreational physical
activity The multivanate analyses showed a
small but non-significant inverse relation
between living in a Western city in 1944-45 and
colon cancer risk for men and women together
The combined analyses for men and women
together showed that men and women who lived
in a western city had a RR of 0 81 (95%CI 0 65-
101. p-trend 0 02) compared to men and
women living in a non-Western region (data not
shown) The rate ratio for men living in a
Western City in 1944-1945 was 0 85 (95%CI
0 62-1 16) and for women RR=0 80 (95%CI
0 59-1 09) compared to the reference category.
For men living in a Western rural area the rate
ratio was 0 72 (95%CI 0 48-109) and for
women living in a Western rural area the rate
ratio was 1 09 (95%CI 0 77-1 55) compared to
men and women living in a non-western area in
1944-45
Living in a city in 1942 was not related to colon
cancer risk Having a father without a job during
the Economic Depression years showed a small
non-significant decrease in colon cancer risk,
both for men and women Men whose father had
no job during the Economic Depression years
had a rate ratio of 0 90 (95%CI 0 62-1 31) and
women whose father had no job had a rate ratio
of 0.75 (05% Cl 0.49-1.14).
Furthermore. subgroup analyses were
conducted to evaluate possible effects of the
timing of energy restriction As a consequence
of the small number of cases in the subgroups
"exposure before growth spurt in the Hunger
winter" for women and "exposure before growth
spurt in the War years" for men. the multivanate
model did not converge For these subgroups
we only conducted an age-adjusted analysis. In
our cohort there were no men who were
exposed to the Hunger winter before their
growth spurt. All the men were older than 12
years at the time of the Hunger winter. Exposure
to energy restriction during the adolescent
growth spurt (table 4a) shows a decreased risk
(RR=0.72. 95%CI 0.31-1.65) for men living in a
Western city compared to men living in Non-
Western parts of The Netherlands For men
living in the Western rural area also a decreased
risk (RR=0 43. 95%CI 0 14-1.33) was seen
compared to men living in Non-Western parts of
The Netherlands during the Hunger winter, but
the number of cases is very small Exposure to
energy restriction during the War years showed
an increased risk for men living in a city in 1942
during their adolescent growth spurt (RR=1 28.
95%CI 0 66-2 47) compared to men living in a
rural area The RR for men whose father had no
job in 1933-34 and who were in their growth
spurt at that time showed a rate ratio of 0 91
(95%CI 0 46-1 82).
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Tabto 2a Maana (a.d) and distribution of potential confoundara in tha mala wbcohort (n=1 630) by exposu» category, th« Netherlands Cohort Study 1966-1993
Characteristics
Hunger winter 1944-1945
Non-West
mean (s d )
Rural West
mean (s d )
City West
mean (s d )
War years 1940-1944
Rural area
mean (s d )
City in 1942
mean (s d )
Economic Depression 1932-1940
father a job
mean (s.d.)
father no job
mean (s d )
Age 61 0 (4 2) 60 7 (4 2) 61 2 (4 4) 61 1 (4 2) 61 6 (4 2) 61 3 (4 2) 61 5 (4 3)
Height 176 1(6 7) 178 9(7 0) 177 0(6 6)" 176 6(7 0) 176 2(6 7) 176 8(6 7) 176 6(7 4)
Weight 78 5 (9 7) 78 0 (9 7) 77 8 (9 5) 79 0 (9 9) 77 0 (9 0)* 78 2 (97) 77 9 (9 9)*
Wetght at age 20 68 3 (81) 68 0 (92) 67 1 (81) 684 (81) 674 (86) 67 8 (8 3) 680 (98)
Body mass index (kg/m') 25 3 (2 7) 24 4 (2 6) 24 8 (2 6)* 25 3 (2 7) 24 8 (2 6)* 25 0 (2 6) 24 9 (2 8)
Alcohol intake 1966 (9/day) 14 8 (16 9) 14 0 (15 0) 13 8 (16 7) 13 7 (14 9) 13 8 (16 2) 14 7 (16 9) 13 4 (14 5)
Energy intake 1986 2181(529) 2208(514) 2090(460)" 2192(529) 2113(485)" 2167(514) 2116(498)
(kcal/day)
Large bowel cancer in family
no 95 5 95 0 94 9 95 5 94 7 94 4 96 2
yes 45 5 0 5 1 4 5 53 56 38
Education
low 53 2 50 8 37 5 ' 315 43 3 ' 45 9 64 1 '
medium 309 322 3 8 7 5 8 3 403 360 23 4
high 15 9 17 0 23 7 10 2 16 4 181 12 5
Baseline physical activity
<30min/day 19 2 218 179 192 184 181 216
30-60 mirVday 31 9 34 5 27 3 33 5 28 1 31 2 28 1
60-90 rmn/day 18 1 213 22 4 17 0 19 1 19 7 13 5
>90 mm/day 308 224 3 2 4 3 0 3 344 310 36 8
* anova (p<0 05)
* t-test (p<0 05)
' cru square (p< 0 05)
m
5
i
3
s
Table 2b Mean» (« d ) and distributions of potential confcunder» in the female subcohort (n-r 716) by exposure category, the NattwHand» Cohort Study 1966-1993 f
Characteristics
Hunger winter 1944-1945
Non-West
mean (s d )
Rural West
mean (s d )
City West
mean (s.d.)
War Years 1940-1944
Rural area
mean (s d)
City in 1942
mean (s d)
Economic Oapt—alon 1932-1940
father a Job
mean i sd )
father no job
mean (s d )
Age 614 (4 3) 614 (4 1) 617 (4 4)
Height 165 4(6 3) 165 1(6 1) 165 2(5 9)
Weight 687 (104) 697(106) 682(100)
Weight at age 20 58 8 (8 0) 59 4 (7 6) 57 9 (7 6)
Body mass index (kg/m') 25 2 (3 6) 25 5 (3 6) 25 0 (3.4)*
Alcohol intake 1986 (fl/day) 5 4 (9 3) 5 4 ( 8 3) 7 0(10 9)*
Energy intake in 1719(419) 1712(421) 1634(379)*
1986 (kcal/day)
61 5 (4 2)
165 3(6 1)
69 2 (10 3)
59 2 (7 9)
25 3 (3 5)
4 7 ( 8 1)
1712 (424)
616 (4 4)
164 9(6 1)
69 0 (10 3)
57 8 (7 3)*
25 4 (3 5)
64 (10 3)*
1652 (393)*
614 (4 2)
165 2 (6 2)
685 (101)
58 7 (7 9)
25 1 (3 5)
6 0 (9 8)
1695 (409)
61 1 (4 4)*
163 9 (6 7)*
68 6 (11 0)
56 9 (7 4)*
25 5 (3 8)
4 6 (8 2)
1617 (428)*
Large bowel cancer in family
no 94 0
yes 6 0
Education
low 62 9
medium 301
high 7 0
Baseline physical activity
<30 mm/day 26 5
30-60 mm/day 33 2
60-90 mm/day 20 2
>90 mm/day 20 1
967
33
63 7
27 4
89
23 8
38 7
20 4
17 1
947
53
47 9'
41 6
105
26 1
26 3
23 2
24 4
946
54
72 0
22 9
5 1
27 3
35 5
19 0
182
947
53
49 3*
414
93
24 6
28 7
22 5
242
946
54
549
35 8
93
24 0
32 9
21 9
21 2
95 1
49
75 8'
2 1 4
28
33 7
26 5
182
516
anova (p<0 05)
t-test (p<0 05)
chi square (p< 0 05)
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Table 3 Age adjusted and multivanate rate ratios for colon cancer according to three time periods of energy
restriction in the Netherlands Cohort Study (1986-1993). separately for men and women
Men
Hungerwinter 1944-45
Non-West
Rural West
City West
War years 1940-44
rural area in '42
city in 42
Economic Depression 1932-40
father had a job
father had no job
Hungerwinter 1944-'4S
Non - West
Rural Area
City west
War years 1940-44
Rural area in 1942
City in 1942
Economic Depression 1932-40
Father had a job
Father had no job
cases
201
35
76
123
151
340
41
cases
193
54
81
141
140
298
31
prsyrs
5115
1332
2158
3694
3787
8767
1188
prsyrs
5601
1507
2944
3641
4092
8985
1108
RR' (95%CI)
100*
0 74(0 53-1 12)
0 90(0 74-1 23)
p-trend 0 23
100 '
1 15(0 91-1 52)
1 00"
0 89(0 63-1 32)
RR' (95%CI)
1 00*
1 01 (0 81-1 57)
0 81 (0 63-1 12)
p-trend 0 13
100"
0 88 (0 73-1 12)
100*
086(0 64-1 21)
RR' (95%CI)
100*
0 72 (0 48-109)
0 85 (0 62-1 16)
p-trend 0 14
100 '
1 11 (0 83-149)
1 0 0 '
0 90 (0 62-1 31)
RR' (95%CI)
100'
1 09 (0 77-1 55)
0 80(0 59-1 09)
p-trend 0 15
100"
0 88(0 67-1 19)
1 00"
0 75 (0 49-1 14)
' only age-adjusted
* adjusted for age familial large bowel cancer, body mass index, baseline alcohol and energy intake, education,
baseline recreational physical activity
* reference category
The subgroups of men exposed after the growth
spurt showed the same pattern as the group
exposed during the growth spurt Men who
were exposed to the Hunger winter after their
growth spurt showed a decreased risk, both for
men living in a Western city or in the Western
rural area (RR=0 87. RR=0.77, respectively)
Exposure during the adolescent growth spurt
shows a small decreased risk (RR=0 88. 95%CI
0 40-1 96) for women living in a Western city
during the Hunger winter, but not signrficant.
compared to women living in non-western part
of the country For women living in a Western
rural area during their growth spurt an increased
nsk was seen (RR=1 55. 95%CI 0 68-3 53). but
the number of cases is very small For exposure
dunng the war years there was no difference in
nsk between women Irving in a city dunng their
adolescent growth spurt and women living in a
rural area The RR for the women whose father
had no job in 1933-34 and who were in their
growth spurt dunng the Economic Depression
years showed a decrease in breast cancer risk
(RR=0 62, 95%CI 0 29-131) that was not
statistically significant (table 4b) Again th«
number of cases is quite small
The subgroup of women exposed after their
adolescent growth spurt showed a decreased
risk for women living in a Western city during the
Hunger winter (RR=0 79, 95% CI 0 56-1 11)
compared to women living in a non-Western
region of the country in 1944-45 Women who
lived in a city in 1942 and were exposed before
their growth spurt during the War year« alto
showed a decreased risk <RR=0 25. 96% CI:
0 03-2 02) compared to women who lived in a
rural area in 1942. but the number of case* it
very small For women whose father had no job
during the Economic Depression years and who
were exposed before their growth spurt a
decreased risk was shown (RR=0 68, 95%CI:
0 37-126)
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Table 4 Reiative rate of colon cancer for men and women exposed to energy restriction before dunng and after the* addeacant growth spurt (man 12-15 year women:
1yr<menarche<2 yrs) in the bme-penod 1944-45 1942-43 and 1933-34 the Netherlands Cohort Study 1986-1993
Before growth spurt Dunng growth spurt Aftergrowth spurt
Exposure Cases Person yrs RR' (95%CI) Cases Person yrs RR (95%CI) Cases Person yrs RR (95%CI)
Hunger winter 1944-45
Non-West
Western rural area
Western city
War Years 1942-43
Rural area in 1942
City in 1942
Depression 1933-34
Father had a job
Father had no job
Woman
Hunger winter 1944-45
Non-West
Western rural area
Western city
War Years 1942-43
Rural area in 1942
City in 1942
Depression 1933-34
Father had a job
Father had no job
no men exposed before
their growth spurt
5
5
203
23
4
1
0
7
8
160
13
248
122
6356
808
116
21
65
297
409
6179
708
100
1 92
1 00
086
100
1 27
1 63
1 00
025
1 00
068
!
• D
(049-752)
a
(0 52-1.43)
a t>
(0 08-20.2)
(376-7.03)
(003-2.02)
a
(037-1 26)
34
4
10
23
31
111
13
28
10
13
31
35
115
11
1258
359
535
1169
1216
1945
285
1531
394
736
1141
1220
2236
302
1 00*
043
072
1 0 0 '
1 28
1 0 0 '
091
1 00"
1 55
0 88
1 00*
1 01
1 00"
062
(0 14-1 33)
(0.31-1 65)
(0 66-2 47)
(0 46-182)
(068-3 53)
(0 40-1 96)
(0 54-1 89)
(029-1 31)
167
31
66
95
115
26
7
161
43
65
103
95
21
6
3857
973
1622
2276
2449
465
94
3901
1091
2113
2173
2445
520
97
1 00*
077
087
1 0 0 '
104
1 0 0 '
090
100*
1 00
0 79
100*
084
1 00*
1 52
(0 50-1 22)
(0 62-123)
(0 74-1 47)
(018-4 58)
(0 68-149)
(056-1 11)
(0 59-1 20)
(0 34-6 88)
Relative rate after adjustment for: age, familial large bowel cancer, body mass index, baseline alcohol and energy intake, baseline recreational physical activity, education
* Reference category
* Only age-adjusted
Energy restriction and colon cancer
Discussion
This prospectieve cohort study found a
nonsignificant inverse relation between energy
restriction during adolescence and the risk of
colon cancer, also after controlling for potential
confounders Compared to residents in the
North and South of the Netherlands who served
as controls with almost no exposure to energy
restriction, the results showed a non-significant
decreased colon cancer risk for men (RR=0 85)
and for women (RR=0 80) living in a Western
city For men living in a Western rural area in
1944-45 also a decreased risk was observed
(RR=0 72) and for women living in a Western
rural area no difference was observed
(RR=1 09) With respect to exposure during the
remaining years of World War II (1940-44) no
differences in colon cancer risk were found for
both men and women who lived in a city (food
restricted area) in 1942 vs men and women
who lived in a rural area in 1942 Having an
unemployed father during the Economic
Depression years 1932-40 was associated with
a small but not significant, decrease in colon
cancer risk both for men (RR=0 90) and women
(RR=0 75) Results of the subgroup analyses
showed that men and women who were in their
adolescent growth spurt and living in a Western
city during the Hunger winter 1944-45 or who
were exposed after their adolescent growth
spurt to the Hunger winter 1944-45. had a
decreased colon cancer risk compared to men
and women living in the non-Western parts of
the Netherlands.
Before discussing the results of this study some
weak points of the NLCS are addressed A
factor that could have influenced the results is
misclassification of food restriction exposure
It has obviously been difficult to test the
childhood nutrition hypothesis m Western
populations for ethical and practical reasons
Three proxy measures of energy restriction were
used in this study the fathers employment
status of the men and women during the
Economic Depression years residence dunng
the World War II (1940-44). and residence
dunng the Hunger winter (1944-45) Whereas
surveys showed that energy intake was
associated with fathers employment status in
1932-40 (19-21]. that the food supply m the
cities detenorated much faster than in the rural
area dunng 194CM4 [17. 18] and that starvation
in the West in 1944-45 was mostly confined to
Western cities [14-16], we are aware that these
ecological measures are only a proxy measure
of individual exposures Other studies used the
same proxy measure for energy restriction in the
Hunger winter, however, and their results also
indicated that the proxy measure for energy
restriction in the Hunger winter is reasonably
adequate [30. 31] In a previous report on
energy restriction and breast cancer risk in the
NLCS-cohort. we asked the female subcohort
members during follow-up, if they really had
experienced hunger during the winter of 1944-
45 Of the women who reported severe hunger
during the Hunger winter 80% lived in a Western
city during this winter These results also
indicated that the proxy measure for energy
restriction in the Hunger winter is reasonably
adequate [32] If misclassification is present, it
will be nondifferential because of the
prospective design of the cohort
The potential for selection bias in the NLCS it
low considering the high completeness of
cancer follow-up Also, there were no reason« to
assume that residual confounding wa» «till
present because all known risk factors for colon
cancer were measured and controlled for in
multivanate analyses
Energy intake is often related to a higher risk of
colon cancer in case-control studies [33-35]
However, results from cohort studies that
assessed total energy intake found, if anything,
a slight inverse association between total energy
intake and risk of colon cancer [36-39] These
studies were not able to analyze the adolescent
diet in relation to subsequent colon cancer n»k
later in life In the NLCS-cohort no association
was found between baseline energy intake and
colon cancer risk [401 N° other specific studies
of earty diet and colon cancer risk are
conducted, to our knowledge
Adult anthropometric measures (height, body
mass index and sitting height) are often used at
a proxy for the nutritional status during
childhood and adolescence Russo et al [41]
conducted a case-control study to determine
whether body size measurements at different
ages were nsk factors for cancer of the colon
Study sublets were asked to report their
habitual height and weight weight at 30 and at
50 years of age and perceived body size at 12
years of age This study showed a powbve
assoc.at.on between BMI at various aget and
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colon cancer risk in men and women Only in
women, BMI at middle age was unrelated to
colon cancer risk
Other studies also found a positive association
with excessive weight earlier in life, most notably
at age 30 [42. 43] Most of the studies found a
positive association between colon cancer and
weight in young adults [42. 44. 45]
Oiovanucci et al [46) found a positive relation
between adult height and colon cancer risk
Adult height might be a proxy of a positive
energy balance during childhood, and is
correlated with the total length of the colon
These observations agree with the association
between body size and human cancer in the
large population-based NHANES-study
suggesting that higher levels of energy intake in
childhood increase (he risk of later development
of cancer These findings provide further
evidence that the unfavorable trends in the
Incidence of colon cancer may have its origin in
•arly life [47] In the NLCScohort we found a
positive association between height and colon
cancer risk for women and positive associations
between weight, BMI at age 20 and BMI-change
from age 20 till baseline and colon cancer risk in
men.
Energy intake and body mass are components
of the energy balance, together with physical
activity Slattery et al. [48] conducted a case-
control study which purpose was to determine
how physical inactivity interacts with other
components of energy balance (energy intake
and body mass) in determining colon cancer
risk. They concluded that those who had the
most unfavorable energy balance in that they
were physically inactive, had high energy
intakes and had a large BMI were at greatest
colon cancer risk Energy balance as a whole
seems to be associated with risk of colon
cancer
The role of energy intake, body mass and
physical activity could operate at different levels
in the etiology of colon cancer, but the most
plausible explanation that unifies the three has
to involve metabolic profiles rather than local
influences on coIonic epithelium McKeown-
Eyssen [49] has proposed that some factors that
collectively characterize increased colon cancer
risk (obesity and Western diet) may plausibly
operate through influences upon serum
triglycerids and insulin resistance Giovannucci
[50] also stated that elevated blood-insulin levels
promote the growth of colon tumors. Recently.
Bruce et al [51] descnbed that an unfavorable
energy balance, due to consumption of excess
dietary energy or a sedentary lifestyle, may
result in the development of insulin resistance
with increased circulation levels of insulin,
triglycerids and non-esterrfied fatty acids This
occurs when the increased dietary energy
increases intravascular energy as carbohydrate
and lipid in the bloodstream [52] The result is
that all cells, including colonic epithelial cells,
are exposed to increased concentrations of
insulin and energy substrates Increased
proliferation and mutation may result from
insulin resistance [53, 54].
In conclusion, we found in our study an inverse
relation between energy restriction early in life
and subsequent colon cancer risk later in life,
although not significant To study interaction
between physical activity, energy intake and
BMI more cases are needed, thus longer follow-
up is necessary for the NLCS-cohort Future
research should be concentrated on the
interaction between the components of energy
balance (physical activity, body mass and
energy intake).
Acfcnotv/edgment: the Netherlands Cohort
Study was supported by the Dutch Cancer
Society.
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Chapter 6
Abstract
Background The aim of the current study was to evaluate the relation between physical activity and
breast cancer risk with specific emphasis on interaction with other aspects of energy balance.
Mefhods. The Netherlands Cohort Study on diet and cancer was conducted among 62,537 women
aged 55-69 years at baseline Information on baseline recreational physical activity, history of sports
participation and occupational physical activity was collected with a questionnaire in 1986. After 7.3
years of follow-up 1208 incident breast cases were available for case-cohort analyses.
Resu/fs A summed total of baseline recreational physical activity (including walking, cycling,
gardening) showed an inverse association with breast cancer risk. Women who were active in above
mentioned activities for more than 90 minutes a day had a rate ratio (RR) of 0 76 (95%CI 0.58-0 99)
compared to women who were active less than 30 minutes a day Women who ever participated into
sport before baseline had a RR of 1.13 (95% Cl 0.94-1.37) compared to women who never
participated in sport. The relation between sports participation and breast cancer risk was not
dependent on the time window of participation (before/after menarche, before/after birth of first child,
before/after age 20) No interaction was found between baseline recreational physical activity. BMI
(kg/m") and energy intake in relation to breast cancer, although in the subgroup of women with a high
BMI we found a stronger inverse relation between recreational physical activtty and breast cancer risk
independent of energy intake Occupational physical activity was not related to breast cancer risk
Conclusions Our findings support the hypothesis that recreational physical activity is inversely
associated with breast cancer
fD/nr MJM. Voorrips i.£. GoWtoo/im RA van den Srandf P-4 Base/me recreafwna/ phys/ca/ acfrvrfy.
/»story of sports partfe/pafron and posfmenopausa/ Dreas/ carc/noma nsA <n the /Vefhertands Cohort
Stody Cancer200f 92 »638-49;
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Introduction
Many studies have examined the rote of
physical activity in breast cancer etiology
Decreased breast cancer risk associated with
regular physical activity was first suggested by
Fnsch et al [1] when they reported a significantly
greater prevalence of breast cancer among
women who were not involved with athletics in
college compared with athletes 1 to 56 years
after graduation Since then more than 20
eptdemiological studies have been published
from the US, Europe. Australia and Japan
These studies have investigated the relationship
between breast cancer and occupational and/or
recreational physical activity The study designs,
population samples, measures of physical
activity and outcome varied widely The
populations studied ranged from occupation- or
education-based cohorts to hospital-based case
control studies Some studies compared women
according to participation in college sports,
some looked at occupational physical activity
only several examined recreational physical
activity only and others studied both
occupational and recreational physical activity
Physical activity assessment methods used
across studies have been quite heterogeneous
Most of the studies used questionnaires but the
questions asked varied substantially Often the
studies relied on reported hours per week doing
exercise, or persons had to classify themselves
as light, moderate or strenuous physically active
[2]
Four cohort studies [1. 3-5] reported that
recreational exercise reduces the risk of
developing breast cancer at least among certain
subgroups of women No association was
reported in three other cohort studies [6-8] and
an increased risk of breast cancer was
associated with higher levels of physical activity
,n the Framingham cohort study [9] Most of the
population-based 110-15] and hospital-based
case control[16-18] studies have reported an
inverse association with recreational activity
One case-control study found an increased risk
1191 ,
The studies concerning occupational physical
activity showed inconclusive results It is unclear
yet whether occupational physical activity
protects against breast cancer m
premenopausal women [20] postmenopausal
women [21] or women of all ages [5 16 221
Several possible biological mechanisms h a w
been postulated as explanation for the observed
protective effect of physical activity and the nsk
of breast cancer These have focused on
exercise and sex hormone interactions, exercise
and immune function and exercise and energy
balance [23]
There is some evidence to suggest that physical
activity can influence at least some of the
aspects of menstrual history, and it has been
suggested that if physical activity does modify
breast cancer risk, it might do so through a
hormone-related pathway Strenuous physical
exercise before menarche is believed to delay
the onset of menstruation and to increase the
number of anovulatory cycles therefore reduce»
the cumulative (lifetime) estrogen exposure.
Bernstein et al reported that moderate physical
exercise during adolescence reduces the
number of ovulatory cycles and increase«
menstrual cycle length patterns [24]
It also has been suggested that exercise may
influence breast cancer development through
concurrent changes in immune function Despite
the evidence that training enhances natural
immune function, the biological relevance for
breast cancer risk is not known [23] It also ha«
been postulated that energy balance could have
an influence on breast carcinogenesis Energy
balance is defined by a state in which energy
intake is equal to energy expenditure, resulting
in no net change of energy stores in the body
The aspects of energy balance that have been
linked to the etiology of breast cancer include
low physical activity and an excess
accumulation of body weight The relation
between these two risk factors is complex and
the mechanism relating them to increased
breast cancer nsk is unknown [231
To our knowledge, it is yet not known what the
magnitude of the effect is. what intensity,
duration and frequency of activity are required
for a reduction in breast cancer risk and what
time penod(s) in a woman's We are important in
such a risk reduction Therefore we conducted
this study to evaluate the relation between
physical activity and breast cancer risk in
postmenopausal women in an ongoing cohort
study Furthermore we were interested in the
modification by the different time windows in
which women are physically active and studied
the possible interaction with other indicators of
energy balance regarding breast cancer risk
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Materials and methods
This study was conducted in an ongoing
prospective cohort study on diet and cancer, the
Netherlands Cohort Study (NLCS) among
82 573 women aged 55-69 years at baseline
Baseline exposure data were collected by
means of a self-administered questionnaire in
1986 The questionnaire referred to dietary
habits and potential confounders such as
reproductive history, reported height and weight,
education and family history of cancer Also
included were questions about baseline
recreational physical activity, the history of
•ports participation and occupational history A
detailed description of the cohort study design
has been reported elsewhere [25] After the
baseline exposure measurement, a subcohort
was randomly sampled from the cohort and
followed up biennially for vital status information
Incident cancer cases occurring in the entire
cohort have been identified by record linkage to
cancer registries and a national pathology
register (PALGA) The method of record linkage
has been described previously [26].
The collected data from subcohort and breast
cancer cases were key-entered twice by
research assistants who were blinded with
respect to subcohort/case status in order to
minimize observer bias in coding and
interpretation of the data After 7 3 years of
follow-up 1208 breast cancer cases were
available for analysis, after exclusion of
prevalent cancer cases and cases with in situ
breast carcinoma Prevalent cancer cases other
than skin cancer also were excluded from the
subcohort. after which 1716 women remained
For data-analysis the case-cohort approach was
used in which cases were derived from the
entire cohort, while the person-years at risk
were estimated from the subcohort
SaseMne recreaf/ona/ physical activity
Assessment of baseline recreational physical
activity was based on two questions The first
question was "how many minutes do you spend
on average per day walking or cycling to your
work to go shopping or to take out your dog?
The subiects could fill in the number of minutes
spent per day on these activities The minutes
spent per day on these activities were
categorized (less than 30 minutes a day. 30-60
minutes a day. 60-90 minutes a day and more
than 90 minutes a day)
The second question was " how many hours of
your leisure time do you spend on average per
week on the following activities gardening/doing
odd jobs, cycling/walking (other than in first
question), and sports/gymnastics" Possible
answers were never, less than 1 hour. 1-2 hours
or more than 2 hours per week We added the
time spent on these activities up to an overall
measure (minutes per day) Baseline
recreational physical activity was used as the
combination of the number of minutes spent per
day biking/walking, shopping, and walking the
dog and the number of hours spent per week on
the activities gardening/doing odd fobs,
cycling/walking and sporVgymnastics Women
who participated in sports at baseline could also
fill in the type of sport
History of sports participation
Physical activity that took place earlier in time
was estimated by asking about the history of
sports participation of the women For each
sport separately, we recorded the type of sport,
the number of hours per week spent in that
sport and the years in which the participant
engaged in that sport A total of three sports
could be mentioned First a dichotomization was
made in never/ever playing a sport Total
duration of sport activities in years was
calculated by summing up the duration of all
episodes of playing a sport (accounting for the
overlap between sports) The number of total
hours per week that they participated in each
sport was also added.
We used the Compendium of Ainsworth et al
[27] to assign a MET-score to each type of sport
activity, as an indicator for intensity This
method was also used in other studies [12. 13.
15 22] A MET score is defined as the ratio of
the associated metabolic rate for the specific
activity divided by the resting metabolic rate A
total MET score was calculated for the vanous
sports activities, weighted by the duration (in
years) of each activity For example, being
active for 10 years in tennis (MET sore of 7) and
being active for 5 years in recreative swimming
(MET score of 8) gives a weighted MET score of
((7x10)+(8x5)V(10+5)=7 3 For the type of sport
at baseline we assigned a MET-score. as an
indicator for intensity, which was not weighted
by duration Sport was defined as an activity
with a MET-score higher than 2 5
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Occupational p/iys/ca/ actrvrty
Subjects were asked for their lifetime
occupational history, with regard to job title and
duration A total of five jobs could be mentioned
We used information about the longest job ever
held as well as information about the last
occupation as indicators for the lifetime physical
activity at work Assessment of physical activity
at work was based on job title Two different
measures of occupational physical activity have
been used: sitting time (hours/day) and energy
expenditure (kj/min) The sitting time scale was
divided into three groups low activity (more than
6 working hours per day spent sitting), moderate
activity (2-6 hours per day) and high activity
(less than 2 working hours per day sitting) The
total energy expenditure was based on a rating
system developed by Hettinger et al [28] Low
activity included work with an energy
expenditure less than 8 kJ/min. moderate
activity was defined as an energy expenditure
between 8 and 12 kj/min and high activity
corresponded to an activity level higher than 12
kJ/min Housewives were categorized into the
moderate groups
Data ana/ys/s
The distribution of the activity variables was
compared between breast cancer cases and
subcohort members The association between
exposure variables and covariates were studied
in the subcohort For the continuous vanates
age. age at menarche. age at menopause, age
at first birth, height, weight at age 20. BMI
(kg/m'), alcohol intake and energy intake, mean
values of these variables were compared
(ANOVA) between the categories of baseline
recreational physical activity, history of sports
participation and occupational physical activity
Covariates associated with breast cancer itself
or with the exposure variables were considered
as potential confounders Data were analyzed
using the case-cohort approach [29] Incidence
rate ratios (RR) and corresponding 95%
confidence intervals (Cl) for breast cancer were
estimated using exponentially distnbuted failure
time regression models [29] with the Stata
statistical software package [30] We conducted
several analyses to obtain insight into the
penods of life that may be important in breast
cancer etiology We defined three time windows
based on the sports participation before and
after age 20 (categories: before/after/before and
after age 20). sports participation before and
after birth of the first child (categories:
before/after/before and after birth of first child)
and sports participation before and after the
menarche (categories: before/after/before and
after menarche) Women who never participated
in sports were used as the reference category
for each subgroup in the analyses
We conducted several subgroup analyses to
assess whether the effect of physical activity on
the risk of breast cancer was modified by
baseline BMI. weight gain/loss during life,
baseline energy intake and modification by
different time windows in which women wer«
physically active BMI was categorized
according to the standardized categories of the
NIH [31] As a consequence of the small number
of cases in the subgroups we recoded BMI into
three categories (BMI <25 normal weight, BMI
25-30 overweight. BMI>«30 obese) Energy
intake was calculated from the food frequency
questionnaire using the computerized Dutch
Food Composition table [32. 33]
Results
Table 1 represents the distribution of the
baseline recreational physical activity, history of
sports participation and occupational physical
activity (only longest held job is presented)
among breast cancer cases and subcohort
members The distributions of the variable* did
not differ to a large extent between case* and
subcohort members
The means of potential confounders according
to baseline recreational physical activity, history
of sports participation and occupational physical
activity among subcohort members i*
summarized in table 2 Women who reported
being active more than 90 minutes per day at
baseline were younger, had a later age at
menopause, had a lower BMI and had a higher
energy intake at baseline compared to women
who were active less than 30 minutes per day
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Table 1 Distribution of the baseline recreational physical activity, the history of sports participation and
occupational physical activity in breast cancer cases (n=1208) and subcohort women
(n-1716). The Netherlands Cohort Study (1986-1993)
Cases Subcohort
Exposure variables n % n %
0«a«//n« r»cr»af/ona< phyi/ca/ actfWfy
total recreational physical activity
< 30 mm/day
30-60 mm/day
61-90 min/day
> 90 min/day
dairy blklng/walking
< 10 min/day
10-30 min/day
31-60 min/day
> 60 min/day
gardening/doing odd |obs
no gardening/doing odd jobs
< 1 hour per week
1 -2 hours per week
> 2 hours per week
sports/gymnastics
no sports activity
< 1 hour per week
1-2 hours per week
> 2 hours per week
H/sfory ofsports part/c/paf/on
never
ever
duration of sports participation (years)
1-10 years
11-20 years
21-30 years
31-40 years
> 40 years
number of hours sport per week
< 1 hr pw
1-2 hrpw
2-3 hr pw
3-5 hr pw
> 5 hr pw
Occupaffona/ pftys/ca/ acf/Wfy
longest held job
energy expenditure
< 8 kJ/min
8-12 kJ/min
>12kJ/min
sitting time per day
6-8 hours sitting
2-6 hours sitting
< 2 hours sitting
347
383
226
231
118
279
405
387
471
241
229
248
823
131
163
72
634
553
271
112
39
26
49
111
129
65
75
146
540
328
45
290
209
414
292
323
190
195
9 9
235
341
325
396
202
193
209
692
110
13.7
6.1
53.4
466
545
225
7.9
52
9.9
21.1
245
12 4
14.2
278
592
35.9
4 9
31 7
229
454
442
532
355
350
157
416
539
570
677
305
334
366
1126
212
247
97
962
717
346
137
64
47
54
146
160
87
121
185
263
31 7
21 1
209
9.3
247
32 1
339
40 3
181
199
21 7
669
12.6
14.7
5.8
57.3
427
53.4
21.1
9 9
7.3
8.3
20.9
229
12.4
17.3
265
700
426
75
394
283
525
58
35
6
32
23
43
3
5
2
8
5
7
' due to missing values numbers may not add up till 1208 (cases) and 1716 (subcohort)
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Table 2 Means of potential confounders according to levels of total baseline recreational physical activity history of sports participation and occupational physical activity
in me Netherlands Cohort Study 1986-1993 (subcohort women n= 1 716)
UWKIPI IGI
Again 1 8 « (ywr)
Ag* at manarcte (yaar)
Ag» at manopaus» (yaw)
Batata* Iwght (cm)
Baaetn* «wtgM (kg)
W«ghtatag*20(kg)
wngfil ganto** (kg)
Bo0y I T I M ttOMt (•Qrtft')
AkoW|gid^)n19tE
Agt«lntt«t>(y«r)
Baseline recreational physical activity
<30 mm pd
619
136
482
164 7
692
581
It 9
»6
163ft
SO
217
30-60 min pd 60-90 mm pd
616
138
489
1653
684
MS
110
250
1716
60
221
613
137
488
165.3
684
59 3
101
250
63
224
>90min pd
609'
13.7
49V
1650
67 8
57 9
104-
247
SB
224
History of
no
617
137
486
164.8
688
564
112
254
48
219
sports participation
yes
61.2
13.6
490
165.4
682
58 5
107
24 9r
69-
224
Occupational physical activity (longest held job)
6-8 hrs sitting
610
135
486
164.9
671
575
106
247
68
216
2-6 hrs sitting < 2 hrs «Hing
61.4
13.8
49.1
1659
686
585
110.7
249
75
192
61.3
13.8
46.6
164 9"
68.8
568-
107
25J
49
22.7
pO06 («no»«)
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Women who had ever engaged in sports
activities had a higher energy and alcohol intake
at baseline and a lower BMI compared to
women who never participated in sports
Women who had a longest held job with a high
level of physical activity level (less than 2
working hours sitting) were heavier at baseline
and at age 20. had a higher BMI. they had their
first child at a later age and drank less alcohol
compared to women in more sedentary jobs
8*s* / /n« r*c/-»«f/ona/ phys/c«/ act/Wfy
Baseline recreational physical activity (daily
walking, biking combined with gardening/doing
odd job*, sports) showed an inverse association
with breast cancer risk In multivanate analysis,
women who were active for more than 90
minutes a day had a RR=0 76. (95%CI 0 58-
0 99. p-trend 0 003) compared to women who
were active less than half an hour a day The
several aspects of baseline recreational physical
activity showed the following relations daily
walking/biking showed a significant inverse
association with breast cancer nsk Women who
did these activities for more than 1 hour a day
had a RR=0 81. (95%CI 0 60-109. p-trend
0 001) compared to women who did these
activities less than 10 minutes a day Gardening
and doing odd jobs were not related to breast
cancer risk (see table 3)
Table 3 Age-adjusted and multivanate rate ratios of postmenopausal breast cancer according to
baseline recreational physical activity (including sports) and intensity scores (MET-score)
regarding baseline sports activity, the Netherlands Cohort Study (1986-1993)
cases prsyrs RR' RR' 95%CI p-trend
Sasetfrte recreaf/ona/ pAys/caf act/Wfy
total recreational physical activity
< 30 min/day
30-60 min/day
61-90 min/day
> 90 min/day
daily biking/walking
< 10 mm/day
10-30 min/day
31-60 min/day
> 60 min/day
gardening/doing odd jobs
no gardening/ odd jobs
< 1 hour per week
1-2 hours per week
> 2 hours per week
sports/gymnastics
no sports activity
< 1 hour per week
1-2 hours per week
> 2 hours per week
MET-sconts
Sasebne type of sport in f 986
< 4 METs
4.01-6 00 METs
>6 00 METs
246
307
195
193
313
276
235
117
367
186
186
204
632
111
138
62
66
82
158
2095
3084
2131
2113
2657
2818
2738
1211
3520
1814
1987
2124
6107
1290
1439
608
831
915
1514
1.00
090
0.81
084
1.00
0.92
0.76
0.91
1.00
1.12
0.98
0.97
1.00
085
089
1.00
100
0.75
081
1.00'
084
0.78
076
1 00
0.81
0.71
0.81
1.00'
1.02
0.88
0.93
100-
0.81
090
0.98
1.00
0.73
084
0 67-107
0 60-100
0.58-0 99
0.65-1.02
0.56-0.89
0.60-1.09
0.80-131
0.69-1.13
073-1.17
0.61-1.06
070-117
0.68-1.42
045-117
0.55-129
0.003
0.001
0.23
0.37
0.43
' reference category.' age-adjusted analysis
^ multivanate analysis adjusted for age. age at menarche. age at menopause, benign breast disease, panty. age at first
birth, maternal breast cancer, breast cancer in sisters), education, height, baseline alcohol use and energy intake
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Physical activity and breast cancer
Baseline sports participation also showed no
relation (RR=O 98. 95%CI 0 68-1 42)(table 3)
Baseline intensity score for sports showed a
small decreased breast cancer risk, although not
significant Women who participated in a sport
with a high intensity (>6 00 METs) had a rate
ratio of 0 84 (95%CI 0 55-1 29) compared to
women who participated in a sport with a low
intensity (<4 METs) at baseline Exclusion of
cases detected during the first two years of
follow-up did not change the results presented
here
H/story of sports partfc/patfort
Women who reported ever to have engaged in a
sport had no reduction in breast cancer risk
compared to women who never participated in a
sport The rate ratio for women who had ever
engaged in sports was 1 13 (95%CI 0 94-
1 37)(see table 4) compared to women who
never engaged in sports The total duration of
sports in years showed no relation with breast
cancer Women who participated in sports
longer than 40 years had a RR of 0 99 (95%CI
0 58-1 67) compared to women who participated
less than 10 years in a sport The frequency
(hours sport per week) showed a weak inverse
relation with breast cancer risk Women who
participated 1-2 hours per week. 2-3 hours per
week. 3-5 hours per week and more than 5
hours per week into sports had rate ratios of
0 98. 0 88. 0 76. 0 87 (95%CI 0.57-1.32. p-trend
0 1). respectively, compared to women
participating into sports less than 1 hour per
week (see table 4) The mean intensity score
based upon history of sports participation and
duration in years showed no association with
breast cancer risk Women who had a mean
intensity score of more than 6 METs had a rats
ratio of 1 07 (95%CI 0 71-1 60) compared to
women with a mean sport intensity of less than
4 METs (see table 4)
Table 4 Age-adjusted and multivariate rate ratios of postmenopausal breast cancer according to
history of sports participation, intensity scores (MET-scores) regarding history of sports
participation and occupational physical activity, the Netherlands Cohort Study (1986-1993)
cases prsyrs RR' RR' 95%CI p-trend
H/sfory of sports part/c/paf/on
never participated in sport 478
ever participated in sport 471
number of hours sport per week
< 1 hr per week 91
1-2 hrper week 107
2-3 hr per week 54
3-5 hr per week 66
> 5 hrper week 127
sports duration in years
1-10 years 231
11-20 years 97
21-30 years 33
31-40 years 23
> 40 years 42
Mean MET-score per year
< 4 METs 63
4 01-6 00 METs 178
>6 00 METs 187
Occupation»/ prtysfca/ actfv/ty
longest held job
energy expenditure
< 8 kJ/min 459
8-12kJ/min 263
>12kJ/mm 33
5202
4339
862
962
530
716
1117
2140
816
360
296
324
1.00
1.17
1 00
1 07
0 97
084
106
100
106
079
069
1 20
652 1 00
1583 1 09
1690 1 12
1 00
1.13
100
0 98
0 88
0 76
0 87
100
097
0 83
066
099
1 00
1 11
107
0.94-1.37
0 65-147
0 55-
0 49-
057-
0 68-
050-
0 37-
40
19
32
38
37
19
4246 100 100
2425 1 00 1 13
433 077 083
0 58-167
0 74-1 66
0 71-160
0 89-1 44
051-1 34
014
028
074
069
77
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table 4. continu«d
Cases prsyrs RR' RR' 95%CI p-trend
•Wing time par day
6-8 hour* sitting
2-6 hours sitting
< 2 hours sitting
last held job
energy expenditure
< 8kJ/mm
8-12 kJ/min
> 12 kJ/min
sitting time per day
6-8 hours sitting
2-6 hours sitting
< 2 hours sitting
250
177
328
476
256
40
200
197
314
2430
1632
3045
4373
2444
433
2474
1729
3047
1 00
1 00
1 07
100
097
0 88
1 00
1 04
103
100
1 19
1 21
1 00
1 07
0 98
1 00
1 24
1 10
0 88-1 60
094-1 56
0 84-1 37
0 62-1.55
0 92-1 65
0 85-142
054
073
068
' reference category.' age-adjusted analysis,* muttivanate analysis adjusted for age. age at
menarche. age at menopause, benign breast disease, parity, age at first birth, maternal breast cancer,
breast cancer in sister(s), education, height, baseline alcohol use and energy intake
Occupaf/ona/ p/iys/ca/ acf/v/fy
No relation was found between occupational
physical activity and breast cancer risk Women
with a high energy expenditure (>12 kJ/min) in
the longest held job showed a nonsignificantly
decreased risk (RR=0 83. 95%CI 0.51-1.34)
compared to women with a longest held jobs
with low energy expenditure (<8kJ/min) No
relation was found between energy expenditure
in last held job and breast cancer risk
(RR=0 98) Also, no relation was found between
total number of sitting hours per day in longest
or last held job and breast cancer risk (see table
4)
7/me tv/ncfows
When we examined sports participation in
different time windows we found no particular
subgroups showing reductions in risk associated
with sports participation Women who engaged
in sports only after the age of 20 had a RR=1 03
(95%CI 0 76-140)(see table 5) compared to
women who never participated in a sport
Women who participated in a sport only before,
only after and before and after the birth of the
first child had rate ratios of 1 18. 1 04. 1 22
(95%CI 0.89-1.67). respectively, compared to
women who never participated into sports
Another subgroup consisted of women who
were physically active only before, only after and
before and after their menarche
The subgroup women who were physically
active only before menarche was too small to
include in the analysis The results showed a
slight increased breast cancer risk for women
who were physically active before and after the
menarche (RR=1 25, 95%CI 0.98-1.59)
compared to women who never participated in a
sport (see table 5)
We stratified the data according to baseline BMI,
baseline energy intake and weight gain/loss
during adult life In every BMI category we found
a reduction in risk associated with baseline
recreational physical activity, although none of
them were statistical significant However, in the
overweight category (BMI 25-30) we found a
somewhat stronger association (RR=0 67 95%
Cl 0.42-1 08. p-trend 0 01)(table 6) between
baseline recreational physical activity and breast
cancer risk
According to baseline energy intake the results
also showed nonsignificant reductions in risk
associated with baseline recreational physical
activity and with borderline significant trends,
except for the lowest quintile Women in the
second quintile of energy intake and being
active for more than 90 minutes a day showed a
decreased breast cancer nsk of RR=0 66
(95%CI 0 34-1 27. p-trend 0 05) Even women in
the highest quintile of energy intake and being
active for more than 90 minutes a day had a
RR=0 85 (95%CI 0.42-1.71, p-trend 0 07)
Physical activity and breast cancer
Table 5 Multivanate rate ratios of postmenopausal breast cancer according to sports participation in
different time penods in a woman's life, the Netherlands Cohort Study (1986-1993)
cases prs.yrs RR' 95%CI p-trend
Time windows
-4ge20
never participated in sport
participated in sport only before age 20
participated in sport only after age 20
participated in sport before and after age 20 240 2142 1.16 0 92-145 0.17
B/rth of firsf ch//d
never participated in sport
participated in sport only before birth 1 " child
participated in sport only after birth 1" child
participated in sport before and afterbirth 1" child 109 994 1.22 0.89-167 0 09
Age af menans/je
never participated in sport
participated in sport only after menarche
participated in sport before and after menarche 190 1717 1 2 5 0 98-159 0.03
' reference category
' multivanate analysis adjusted for age age at menarche. age at menopause benign breast disease parity age
at first birth maternal breast cancer breast cancer in sister(s). education, height baseline alcohol use and
energy intake
the category participated in sport only before menarche was too small (n=14) to include in the analysis
478
81
107
478
172
56
478
224
5205
742
1026
5205
1688
589
5202
2085
1
1
1
1
1
1
1
1
00
22
03
00
18
04
00'
04
087-1
076-1
92-1
091-1
069-1
89-1
083-1
98-1
69
40
52
55
32
According to weight gain/loss during adult life
the results showed also reduction in breast
cancer risk associated with baseline
recreational physical activity Women who had
a weight gain of 10-17 kg during adult life (from
age 20 till baseline) showed a RR=0 55
(95%CI 0 29-1 04) with a significant trend (p-
trend 0 004) For women who had a weight
gain of more than 17 kg still a reduction in
breast cancer risk was observed, associated
with baseline recreational physical activity
(RR=0 86. 95% Cl 0 44-167 , p-trend 0 42)
We found no significant tests of interaction
between baseline recreational physical activity,
baseline BMI. baseline energy intake and
weight gam/loss during adult life
We also studied the interaction between
baseline recreational physical activity baseline
energy intake and baseline BMI together (see
table 7) In the category obese women (>30)
the number of cases was too small to conduct
a multivanate analysis So. only age-adjusted
analyses are shown for this category The
greatest reduction in risk is seen in the second
category of BMI (25-30). independent of
energy intake In the subgroup women with
overweight and a high baseline energy intake,
baseline recreational physical activity is
inversely related to breast cancer risk
(RR=0 35. 95%CI 0 1-1 23 p-trend 0 002)
Even in the lowest category of BMI (<25) •
reduction in risk is seen and energy intake it
intermediate (RR=0 59. 95%CI 0 29-1 19. p-
trend 0 05)
Discussion
The results of the present study support th«
hypothesis that physical activity protects
against breast cancer in postmenopausal
women Baseline recreational physical activity
showed an inverse association with breast
cancer risk Especialty daily walking and biking
more than an hour a day show a protective
effect (RR=0 81) Women who were ever
engaged in sports before baseline did not have
a lower breast cancer risk No relation was
found for duration of the sport activity in years
and breast cancer risk A weak inverse relation
was found for the number of hours sports per
week Women who spent more than 5 hours
per week participating in a sport had a
reduction in breast cancer risk of 13%
(RR=0 87) compared to women who spent less
than 1 hour per week on sport«
79
Chapter 8
Table 6 Muttivariate rate ratios of postmenopausal breast cancer according to categories of baseline
recreational physical activity, stratified by baseline BMI (kg/m\ according to WHO/NIH
•tandardized categories), baseline energy intake (in qumtiles) and weight gain/loss during life
(in quartiles), the Netherlands Cohort Study (1986-1993)
cases prsyrs RR' 95%CI p-trend
Baseline BMI (kg/m*)
6ase'/ne r»cr»af/ona/ p/iys/ca/ jcf/Wfy
normal < 30 mm/day 118 1035 100
(<25) 30-60 mm/day 160 1732 0 86
61-90 mm/day 113 1242 188
>90min/day 97 1212 0 74
0 62-1 20
061-125
0 52-108 005
overweight
(25-30)
(>30)
< 30 min/day
30-60 mm/day
61-90 min/day
> 00 min/day
< 30 min/day
30-60 min/day
61-90 mm/day
> 90 min/day
Q2
Q3
Q4
< 30 min/day
30-60 min/day
61-90 mm/day
> 90 min/day
< 30 min/day
30-60 min/day
61-90 mm/day
> 90 min/day
< 30 min/day
30-60 min/day
61-90 min/day
> 90 min/day
97
121
70
79
30
25
12
17
Baseline energy intake (quintlles)'
6flse//ne recreaf/ona/ phys/ca/ acf/Vify
Q1 (low) < 30 min/day 48
30-60 mm/day 53
61-90 min/day 43
> 90 min/day 32
49
62
32
31
58
70
51
45
53
60
40
32
774 1 00
1119 0 76
694 066
741 0 67
277 100
225 130
186 077
153 0.94
446
580
416
402
505
554
349
472
334
654
475
379
425
633
453
353
1.00
081
097
0.77
1.00
1.17
095
066
1 00
0.64
0.60
0.67
1.00
072
0.63
0.70
051-1.13
041-1 06
0 42-1 08
048-352
027-222
0.27-3.32
0 45-1 45
0 52-1.79
0.40-1.46
0.66-207
0 47-1.92
0.34-1.27
037-1 10
0 33-1 08
0.35-1.28
0.39-1.31
034-1.19
0.36-1.36
0.01
055
0.53
005
0.06
008
Q5 (high) < 30 min/day
30-60 min/day
61-90 min/day
> 90 mm/day
38
62
29
53
Weight gain/loss (in quartiles)
base/me recnsafiona/ p/iys/ca/ acf/viry
1 < 30 mm/day 43
(-35 kg - +5 kg) 30-60 mm/day 62
60-90 min/day 42
> 90 min/day 36
363
662
435
505
403
644
630
617
100
082
068
085
1 00
107
0 73
0 72
0 45-1 51
0 36-1.30
0 42-1 71
0 59-1 34
0 40-1 34
0 38-1 35
0.07
0 0 5
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table 6. continued
cases prsyrs RR'
Physical activity and breast cancer
95%CI p-trend
2
(5-10 kg)
(10-17 kg)
4
(>17kg)
< 30 min/day
30-60 min/day
61-90 mm/day
> 90 min/day
< 30 min/day
30-60 mm/day
61-90 mm/day
> 90 min/day
< 30 min/day
30-60 mm/day
61-90 mm/day
> 90 min/day
39
61
48
42
60
86
46
46
72
65
46
51
353
684
406
399
558
798
448
508
590
685
455
439
100
0 71
1 15
0 95
1 00
0 85
0 72
0 55
100
0 72
0 63
0 70
0 38-1
0 60-2
0 49-1
0 52-1
0 39-1
0 29-1
0 53-1
0 46-1
0 44-1
34
18
87
38
32
04
52
59
67
0 52
0004
0 42
reference category, ' multivanate analysis adjusted for age age at menarche. age at menopause, benign
breast disease, parity, age at first birth, maternal breast cancer breast cancer in sister(s). education, height,
baseline alcohol use and energy intake.' multivanate model without baseline energy intake
We found no association between occupational
physical activity and breast cancer risk We
could not distinguish a specific period in life in
which the association between sports activity
and breast cancer risk was more pronounced,
thus the age at which women participating into
sports is not related to breast cancer risk
Furthermore, in the subgroup of women with
overweight (BMI 25-30) we found a decreased
breast cancer nsk independent of baseline
energy intake Before discussing the results in
relation with other studies, some remarks
concerning the NLCS are relevant Loss to
follow-up is the primary source of potential
selection bias in prospective cohort studies The
prospective nature of a cohort study together
with completeness of follow-up as has been
achieved in this study reduces the potential for
selection bias to a minimum [34] As we
considered the most important potential
confounding factors reported in the literature
and included all factors associated with breast
cancer nsk or the exposure variables in our
study in the multivanate model (e g age
reproductive factors dietary factors) only
unmeasured or still unknown other factors may
have caused residual confounding
Measuring physical activity in eptdemiologic
studies is difficult, and different methods have
been used, which may explain in part the
inconsistent results across studies [2] Studies
have differed with regard to the following
parameters the penod for which physical
activity was assessed 0 e childhood/
adolescence lifetime etc) the sources of
physical activity (i e recreational, occupational
or both), and the various parameters of activity
(i.e frequency, intensity, duration) In this study
the baseline recreational physical activity was
measured by several aspects including
gardening/doing odd jobs, biking/walking during
leisure time, daily walking and biking (leaving
out the dog. go shopping) and participating in
sports/gymnastics We made use of the history
of sports participation as indicator for physical
activity in the past We were not able to achieve
a complete overview of all the elements of past
physical activity (e g gardening and house
keeping activities were not included)
Misclassification and recall bias might play a
role in determining the exposure status of the
participants early in life Because such
misclassification would be unrelated to disease
status (nondrfferential) it should underestimate
any true association between lifetime
recreational physical activity and breast cancer
risk
Especially for the women in our Dutch cohort
(55-69 years old) it was not so common to
participate in a sport during adolescence and
adulthood as it is nowadays Therefore, many
cases and subcohort members had never
participated in sport Nowadays. 40% of the
persons older than 55 year are engaged in one
sport in the Netherlands [35] Almost 35% of the
subcohort members did participate in a sport at
baseline Thus at baseline our cohort is more or
less comparable to the general Dutch population
regarding sports activities
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Table 7 Multivariate rate ratios of postmenopausal breast cancer according to categories of baseline recreational physical activity, stratified by energy
intake (in tertiles) and BMI (kg/m'. according to WHO/NIH standardized categories), the Netherlands Cohort Study (1986-1993)
O
BMI (kg/m*)
normal
(<25)
overweight
(25-30)
obese"
(>30)
Energy intake'
(kcal)( tertiles)
low
intermediate
high
low
intermediate
high
low
intermediate
high
< 30 minutes
RR
88
8
00
00
00
1 00
1 00
1 00
Baseline recreational physical activity
per day 30-60 minutes per day 60-90 minutes per day
RR' (95%CI) RR' (95%CI)
1.07(0 50-2 30)
0.67(0 37-1.21)
0.86(0.48-1.54)
0.83(0 36-1.91)
0.78(0.40-1.54)
0.49(0 19-1.07)
1.08(0 67-1.73)
0.75 (0.42-1 33)
0.88 (0 27-2 89)
1.25(0.57-2 78)
0 73(0 38-1 40)
0.77 (0.42-1 40)
1.13(0.43-3 02)
0.73 (0.32-1 65)
0 37 (0.14-1 00)
0 83 (0.50-1 39)
0 49(0.24-1 01)
0 48(0.11-2 09)
> 90 minutes per day
RR' (95%CI)
0 63(0 27-146)
0 59(0 29-1 19)
0 83(0 45-1 53)
0 90(0 36-2 23)
0 61 (0 27-1 38)
0 35(0 10-1 23)
091 (054-1 52)
0 71 (0 37-1 36)
0 56(0 11-2 79)
p-trend
028
005
036
097
025
0002
035
007
018
reference category
multivariate analysis adjusted for age. age at menarche age at menopause, benign breast disease parity, age at first birth maternal breast cancer breast cancer
in sister(s) education height and baseline alcohol use intake
' categories of energy intake low <1455 kcal intermediate 1455-1789 kcal high > 1789 kcal BMI based on stardardized categories according to WHO/NIH
° only age-adjusted analysis because the numbers of cases in the subgroups were too small
Physical activity and breast cancer
The main aim of the NLCS was to investigate
the relationship between diet and the nsk of
cancer and with no specifical emphasis on
physical activity An advantage of this large-
scale prospective cohort study is the possibility
to study interactions between the different
indicators of energy balance (physical activity,
energy intake and BMI) As the results showed,
no interaction was found between baseline
recreational physical activity and BMI or
baseline energy intake or weight gain/loss
during adult life, although in the subgroup
women with a high BMI an inverse relation was
seen between baseline recreational physical
activity and breast cancer risk, independent of
baseline energy intake Thus, heavy women
appear to have a lower breast cancer risk if they
exercise daily for > 90 minutes, regardless their
energy intake A recent case-control study [36]
suggested that frequent episodes of strenuous
physical activity during young adulthood might
have the greatest benefits for reducing
postmenopausal breast cancer risk only in
women who avoid weight gain during adult life If
women gain substantive weight during
adulthood, the benefits of frequent and
strenuous early life physical activity appear to be
lost In our cohort the results showed that
women who gained weight (more than 17 kg)
still had a reduction in breast cancer risk
associated with baseline recreational physical
activity However, the relation between body
size, energy intake en physical activity requires
further research BMI is only a gross
measurement of body composition and does not
provide information regarding the percentages
of lean and fat masses, nor concerning the
distribution of body mass
For some aspects of past physical (sport)
activity (hours sport per week) the results
showed a possible U-shaped relation with breast
cancer risk Moderate physical activity may
enhance the immune system by elevating the
number of natural killer cells whereas
exhaustive physical exercise may depress
Immunologie function [23] Others stated that
the relation between physical exercise and
immune functions follows a "J'-shaped curve
with the lowest nsk observed among women
who undertake regular moderate exercise [37]
Sports participation dunng specific periods in life
was not related to breast cancer nsk in our
cohort Some of the studies that assessed
physical activity during adolescence and/or
young adulthood observed reduction in
subsequent breast cancer risk [7. 14. 16]. while
others found no association [8. 15. 38]
Our results showed no association between
occupational physical activity and breast cancer
nsk This is in agreement with another study.
Coogan et al showed that holding a job of
medium/heavy activity did not reduce breast
cancer risk [39] The assessment of
occupational activity was based on job title and
the coding system was based on the Dutch
situation, however, there may be large variations
in physical activity within one job This variation
could not be included in the assessment of
occupational physical activity Women who had
one job for a very short period (less than 5
years) and a long time ago (e g in the age of
20-25 years) were categorized into physical
activity scores according to this |ob (for longest
as well as latest job) Their physical activity
pattern during the rest of their life is perhaps not
in comparison with the period in which they
worked
In conclusion, our study supports the hypothesis
that physical activity is inversely related to
breast cancer risk in postmenopausal women
However, we could not distinguish a certain
period in life at which it was important to be
physically active The frequency, duration and
intensity of sports activities were not strongly
related to breast cancer risk in our cohort
Baseline BMI and energy intake together
showed a somewhat stronger reduction in
breast cancer risk associated with baseline
recreational physical activity in women with
overweight (BMI between 25-30). independent
of baseline energy intake
Further research should be concentrated on the
assessment of lifetime physical activity to gain
insight into different aspects of physical activity
and their relation to breast cancer risk
Physical activity is one of the few modifiable,
protective factors for breast cancer and there
are many other important health-related reasons
to promote regular exercise
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General Discussion
In the prospective cohort study described in this
thesis the association between energy
restriction in childhood and adolescence,
physical activity and the risk of breast, prostate
and colon cancer was investigated Many of the
limitations and strengths of the specific
investigations as well as the implications of the
specific results have been discussed in the
previous chapters In this chapter, the main
findings of the separate studies of this thesis are
summarized and compared with results of other
studies and we will elaborate on the implications
of our findings for the energy restriction
hypothesis, also in relation to energy balance
Furthermore methodological shortcomings of
our studies will be discussed and we will discuss
the role of insulin-like growth factor-l (IGF-1).
which may be a common biological mechanism
relevant for breast, prostate and colon
carcnogenesis Finally, overall public health
implications are considered and
recommendations for future research will be
made
Main finding« and comparison with other
studies
In the meta-analysis on energy restriction and
the nsk of spontaneous mammary tumors we
confirmed that energy restriction in itself
consistently protects against the development of
spontaneous mammary tumor in mice,
irrespective of the type of restricted nutrient or
other study characteristics The energy-
restncted (range 23-50%) animal groups
developed 55% less mammary tumors than the
ad /ibrfum control groups (chapter 2) These
animal results still await confirmation in human
studies In our ep.dem.olog.cal study the energy
restriction in childhood or adolescence was not
associated with breast cancer and prostate
cancer nsk Men and women living in a famine
area dunng the Hunger winter 1944-1945 had
no decreased breast and prostate cancer risk
respectively compared to men and women
living in a Non-western region of the country
dunng the Hunger winter 1944-1945 (chapter 3
and 4) Regarding earty energy restriction and
breasf cancer the results are m contradiction
wrth what was expected Vatten et al [V 2]
suggested that in populations where variation in
height reflects variation in nutritional living
conditions during childhood and adolescence,
there might be a positive association between
height and risk of breast cancer They found
different associations between body height and
breast cancer risk for women in different birth
cohorts There was a strong linear trend for
height among women who were born between
1929-1936 These women had experienced a
reduction in dietary fat and restricted caloric
intake in World War II (1940-1945) before their
adolescent growth spurt In Noway an
ecological study was conducted in which [31 the
hypothesis that lifestyle changes during World
War II decreased the risk of breast cancer, was
examined The results indicated that one or
more environmental factors changed during the
war that influenced the risk of breast cancer
The maior factor, which changed during World
War II m Norway, was diet One important
dietary change was a decrease in daily energy
intake by 22% during the war In the NLCS-
cohort a positive association was found between
height and breast cancer [4] H.slop et al (5]
conducted a case-control study to examine the
relationship between childhood and current
eating practices and the risk of breast cancer.
No elevated risks of breast cancer for the
childhood consumption of foods with high fat
content were found, except possibly for animal
With regard to prosrare cancer, our results are
consistent with the few studies conducted on the
relation between energy restriction in
adolescence and prostate cancer risk Only a
few studies have concentrated on diet in
adolescence and these studies also found no
relation between early diet and prostate cancer
risk Statten/ et al (1990) conducted a case-
control study of prostate cancer ' " " * ' < *
reported food consumption patterns for the
adolescent and aduH years were assessed
Men who consumed a diet high in saturated
fatty acds as adolescents, were not at
increased risk of developing prostate cancer 16]
Another study evaluated dietary and lifestyle
characteristics to subsequent prostatic cancer
nsk m a cohort of 14.000 Seventh-day Advent.st
men In this study exposure to a vegetarian
irfestyle during childhood was not associated
with prostate cancer risk later in Me [7] Results
of a case-control study in Sweden showed no
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clear association between dietary habits dunng
childhood and adolescence and prostate cancer
risk [8]
However, we found an inverse association both
for men (RR=0 85) and women (RR=0 80)
between living in a Western city during the
Hunger winter 1944-1945 and co/on cancer risk
(chapter 5) Men and women who were living in
a Western city (thus exposed to the Hunger
winter) during their adolescent growth spurt had
• decreased colon cancer risk later in life
compared to men and women living in non-
Western parts of the Netherlands during that
period of life The relation between co/on cancer
and energy restriction in childhood or
adolescence has never been investigated in
humans, to our knowledge Total energy intake
has been related to a higher risk of colon cancer
In case-control studies [9-12] However, results
from cohort studies that assessed total energy
Intake indicated, if anything, a slight inverse
association between total energy intake and risk
of colon cancer [13-16] These studies were not
able to analyze the adolescent diet in relation to
subsequent colon cancer risk later in life In the
NLCS also an inverse, but statistically
nonsignificant association was found between
energy intake and colon cancer risk [17]
Baseline recreational physical activity was
Inversely related to breast cancer risk Women
who were daily active in activities like walking,
cycling, gardening for more than 90 minutes a
day had a rate ratio of 0 76 compared to women
who were active less than 30 minutes a day In
the subgroup of women with a high BMI we
found a stronger inverse relation between
baseline recreational physical activity and breast
cancer risk independent of energy intake
(chapter 6) With respect to baseline
recreational physical activity and breast cancer
risk, our conclusions contribute to the body of
evidence suggesting that higher levels of
recreational physical activity afford protection
against breast cancer [18-21]
Methodological shortcomings
There are several methodological shortcomings
that might play a role in interpreting the results
The potential for selection bias in the NLCS is
low considering the high completeness of
cancer follow-up Also, there were no reasons to
assume that residual confounding was still
present, because all major risk factors for
breast, prostate and colon cancer were
measured and controlled for in multivanate
analyses A factor that could have influenced the
results is misclassification of food restriction
exposure and the misclassification of physical
activity
Exposure earfy d/ef
It has obviously been difficult to test the
childhood energy restriction hypothesis in
Western populations for ethical and practical
reasons To assess energy restriction in the
studies described in this thesis we used proxy
measures We used the residence during the
War years (1940-1944) and the Hunger winter
(1944-1945) and the fathers employment status
dunng the Economic Depression years (1932-
1940) as proxy measures for the food situation
of our cohort members in their youth Other
studies. which concentrated on the
consequences of the famine in 1944-1945. used
the same proxy measures [22-24]. These
studies found relations between living in a
Western city and perinatal mortality of the
newborn, lower birth weight and delay in the
onset of menarche In our study, we tried to
validate the proxy measures and asked the
subcohort members during follow-up, if they
really had experienced hunger during the winter
of 1944-1945 Our results showed that 75% of
the women living in a Western city reported that
they experienced hunger during the winter of
1944-45 of whom 35% experienced severe
hunger Of the women who reported severe
hunger during the Hunger winter 80% lived in a
Western city during this winter These results
also indicated that the proxy measure for energy
restriction in the Hunger winter is reasonably
adequate If misclassification is present, it will be
nondifferential because of the prospective
design of the cohort.
Other proxies that are often used as an indicator
for the food situation dunng childhood and
adolescence are anthropometnc variables such
as attained body height, weight and BMI These
vanables are proxies for early nutrition
(particularly of energy intake) and childhood
growth and development, with taller and heavier
people more likely to have been exposed to a
greater surplus of dietary energy during
maturation than shorter and less heavy ones
Attained height might be an indicator of
childhood energy intake in situations where
there is enough variation in energy intake [25].
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For colon and breast cancer, height can act as
an intermediate factor between the relation of
early energy restriction and the risk of colon and
breast cancer Energy restriction early in life
may negatively affect attained height, which
might itself lead to a reduction in breast cancer
risk [26. 27] In the NLCS-cohort a positive
association was found between height and
breast cancer [4] and between height and colon
cancer risk in women [28] Furthermore, if
women experience a restricted energy intake
dunng childhood their age at menarche might be
delayed [29] The data from the NLCS showed
that a delayed age at menarche (15 yrs and
older) reduces the risk of breast [30] and colon
cancer [31] In addition, other studies confirm
these results [32-38] Berkey et al [39] evaluated
the relation between childhood diet and age at
menarche They concluded that girls who were
taller and who consumed more animal protein
and less vegetable protein had an earlier
menarche Height and BMI were not related to
prostate cancer in the NLCS-cohort [40],
although other studies found positive
associations between height and prostate
cancer risk [41-43] Another anthropometric
variable that might be important in relation to
cancer risk is weight change during adulthood
In the NLCS-cohort information was also
collected on the weight at age 20 This self-
reported variable was used to define BMI at age
20 and the weight change during adulthood For
oreasf cancer no strong association was found
with weight gam in the women with a low BMI at
age 20 [4] Regarding pros/afe cancer a
significant inverse trend in risk was found with a
gain in BMI from age 20 to cohort baseline age
[40] And for co/on cancer, men with BMI >25
kg/rtV at age 20 had an increased subsequent
colon cancer risk for women no association was
found [28] All these self reported
anthropometric measures might have led to
some degree of non-differential
misclassification Despite errors in these serf-
reported vanables we still found associations in
the NLCS
^ssessmenf ofphys/ca/ acf/v/fy
In chapter 6 we present a study on physical
activity and breast cancer risk An accurate
measurement of lifetime patterns of physical
activity is difficult to achieve No single method
is accurate enough to be called a golden
standard for physical activity [44. 45]
Furthermore the NLCS was not specificaHy
designed to explore the relation between
physical activity and cancer risk In our study we
had only data available by questionnaire and no
other physiological and biomechamcal
measurements A woman's physical activity
pattern is hard to assess because women
without an occupation may have very different
physical activity patterns depending on family
care. home, and other responsibilities At
baseline in the NLCS. we asked several aspects
of a lifetime pattern of physical activity such as
daily walking/biking, gardening/doing odd jobs
and participants had to recall their sports
participation during their entire life Regarding
sports activities we used the Compendium of
Ainsworth et al [46] to assign a MET-score to
each type of sport activity, as an indicator for
intensity A total MET score was calculated for
the various sports activities, weighted by the
duration (in years) of each activity The difficulty
of this Compendium is that it is not specific for
certain age groups Few data are available on
energy expenditure for specific activities in
children and elderly people The development of
tables with energy expenditure value« for
separate age groups would be of great use for
research conducted in these groups [47]
Physical activity under free-living condition« I«
hard to measure In the future, physical activity
sensors, which are cheap, small and convenient
for subjects and investigator«, are needed to
reliably monitor small changes in movements
and grade as well as duration and intensity of
typical physical activities during extended
periods in free-living situations [45 48, 49]
Furthermore, the assessment of occupational
physical activity was based on job title and the
coding system was based on the Dutch
situation However, there may be large
variations in physical activity within one job This
variation could not be included in the
assessment of occupational physical activity
Women who had one job for a very short period
(less than 5 years) and a long time ago (e g in
the age of 20-25 years) were categorized into
physical activity scores according to this job (for
longest as well as latest job) Their physical
activity pattern during the rest of their life i»
perhaps not in comparison with the period in
which they worked Many women in the NLCS-
cohort had one job for a few years and were
housewife for the rest of their life.
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Possible mechanisms of energy restriction
in relation to possible cancer risk reduction
A variety of physiologic behavioral and genetic
variables are altered when there is a reduction
in energy intake [50] For example body
temperature decreases and as a consequence
there Is a corresponding decrease in the activity
in cellular DNA and a more efficient metabolism
is achieved This means that in situations where
lam energy is available, the host will take
precedence for utilization, and hence there is
lass energy available for tumor growth [51]
Reproductive capacity declines and as calonc
intake declines, changes occur in the expression
of a number of drug-metabolizing enzymes, with
the most striking effect seen in sex-specific
growth hormones
Energy restriction enhances DNA repair and
moderates oxidative damage to DNA [52]
Energy restriction might also reduce various
aspects of oncogene expression [53-56] Energy
restriction might influence gene expression and
energy restriction might have an impact on the
(steroid) hormones levels The overall
consequences of energy restriction appear to be
the up-regulation of cellular and molecular
defense systems and down regulation of
reproductive ageing [50. 57] These
observations might help us understand some of
the basic mechanisms involved in establishment
and proliferation of tumors, but also need further
investigation In addition, in the next paragraph
we will discuss the role of insulin in cancer
carcinogenesis because of its importance with
regard to breast, prostate and colon cancer.
/nsu//n (nsu//n-//fce growth factor-f f/GF-J) en
/GF-6/nd/ng profe/ns (/GFSP;
Nowadays, the role of insulin-like growth factor-l
(IGF-1). which may be a common biological
mechanism relevant for breast, prostate and
colon carcinogenesis. is topic of discussion
Life-style factors like being overweight, and
sedentary (having a positive energy balance)
are often associated with an increased nsk of
breast, prostate and colon cancer Recent
theories propose that the effects of these risk
factors may be mediated by increases in
circulating insulin levels and insulin-like growth
factor (IGF-1) IGF-1 levels correlate with risk of
premenopausal breast cancer in women [58],
prostate cancer [59. 60), and colorectal cancer
[61-63] Insulin and IGF-1 regulate the energy
metabolism stimulate cell proliferation and
inhibit apoptosis [64] Dunn conducted an
animal study in which mice were fed a 20%
energy restricted diet, or a 20% restricted diet
plus IGF-1 supplement, and an ad libitum
control group. Serum fGF-f was towered 24%
by energy restriction but was completely
restored in the IGF-1 treated energy-restricted
group [64] Restriction of energy intake in rats
transplanted with human prostate cancer cells
slows the growth of cancer and accelerates
apoptosis (see figure 1) These effects are
associated with a decrease in circulating IGF-1
[65]
Energy restriction inhibits cell proliferation
accelerates apoptosis
IGF-1 reduction
enhances DNA-repair
lower levels sex steroids
reduces breast,
prostate and
colon cancer risk
Figur« 1 The impact of energy restriction
Energy restriction has been shown to reduce
levels of serum insulin and insulin has been
shown to be a growth factor for normal and
malignant human mammary cells The elevation
of plasma IGF-1 levels might be a risk factor for
different forms of cancer There are possibilities
that IGF-1 and corticoids may be effected by
energy restriction and may in turn, influence
tumorigenesis [66] The role of IGFs in cancer
is supported by epidemiologic studies, which
have found that high levels of circulating IGF-1
and low levels of IGF binding protein-3 (IGFBP-
3) are associated with increased risk of several
common cancers, including those of the breasf
prosfafe and co/on [67]
Stoll [68] has indicated that better nutrition
accelerates growth hormone release, which, in
turn, increases levels of IGF-1 Overeating, a
lack of physical activity and obesity (particularly
central obesity) may cause insulin resistance
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and. hence, tend to increase plasma insulin
concentrations A number of case-control
studies have shown hypennsuhnemia to be a
marker of increased breast cancer nsk.
particularly in obese postmenopausal women
Insulin, in turn can increase the bioactivity of
IGF-1 by inhibiting the synthesis of certain IGF-
binding proteins. On the other hand, plasma
levels of both insulin and IGF-1 are decreased
by energy restriction The adolescent growth
spurt involves stimulation by growth hormone.
IGF and sex steroids, and Stoll hypothesizes
that the combination of IGF and sex steroids
results in mitogenic effect on developing tissue
in adolescence and a concomitant increased
risk of epithelial atypia and carcinogenesis [69.
70] Serum IGF-1 level is low at birth and
increases gradually until puberty The rate of
increase is very high at puberty, after which the
concentration declines slowly with age [71, 72].
Height is positively related to IGF-1
concentration Levels of IGF-1 in circulation are
closely associated with body growth, especially
at puberty Children with short stature have low
circulating IGF-1 levels [73] The association
between IGF-1 level and physical activity
appears to be rather complex, and current
evidence does not allow clear conclusions to be
drawn The hormonal changes and the pattern
of energy consumption during exercise depend
on the duration, type and intensity of exercise
as well as on the person's level of physical
training The results are very inconsistent
Smith et al [74] observed that vigorous
exercise that was sustained for 1 week in
exercise-conditioned persons produced
decreased serum IGF-1 levels, despite intake of
energy that was adequate for individuals with a
normal level of activity Suggestions have been
lower SHBG levels
higher levels sex steroids
(testosterone, oestradiol)
hypennsuhnemia
insulin resistance
IGF-1
cancer
f • T
lack of
physical activity
growth hormone*
Figure 2 Possible relations between diet, physical activity and cancer nsk
put forward that the age-related decline in serum
IGF-1 is partially related to a decline in physical
fitness and may have little to do with diet [75]
Energy balance: interaction between energy
intake, energy expenditure, and obesity
Energy balance is defined by a state in which
energy intake is equal to energy expenditure,
resulting in no net change of energy stores in
the body [76] There are three main components
of energy expenditure, firstly the energy
expended to maintain the basic physiologic
function of the body (resting metabolic rate
(RMR)) Second the energy that is expended in
order to digest, metabolize and store ingested
macronutnents The third component of energy
expenditure is the increase in metabolic rate that
occurs during body movement (exercise as well
as other forms of physical activity) [77] The
aspects of the energy balance equation that
have been linked to the etiology of toreasf
pros/are and coton cancer include reduced
physical activity and an excess accumulation of
body fat If energy consumption exceed* energy
expenditure (overnutrrtion) a threat to health can
occur This hazard applies not only to the risk of
cancer but also to cardiovascular diseases a*
well as other chronic illnesses (such as type 2
diabetes) [78] In addition, there might be
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important interactions between obesity, weight
change, hormone levels and risk of breast,
prostate and colon cancer. Obesity is
consistently associated with posf-menopausa/
bwasf cancer and to a lesser extent wrth
prosrafe and co/on cancer Abdominal obesity in
women is associated with low sex hormone
binding globulin (SHBG)levels [79] and thus with
high levels of free oestradiol and androgens
which might play a role in breast cancer
carcinogenesis With regard to prostate cancer,
obesity is expected to lower SHBG levels in men
and as a consequence thus high levels of free
testosterone Cell division in the prostate is
controlled by testosterone and might play a role
In the development of prostate cancer [80]
Obesity is also associated with hypennsulinemia
and insulin resistance, which are often related to
colon cancer risk (76. 81] (see figure 2)
Also interactions between physical activity and
other components of energy balance including
energy Intake and body size may exist In a
large case-control study of colon cancer in Utah,
those at the highest risk for colon cancer had
the most unfavorable energy balance they had
the least physical exercise, the highest energy
intake and the largest BMI [82] When physical
activity was high, however, the risks of high
energy intake and large body size were much
less pronounced Therefore, energy balance as
a whole could be associated with colon cancer
In our study on physical activity and breast
cancer risk, we found in the subgroup of women
with a high BMI a stronger inverse relation
between recreational physical activity and breast
cancer risk independent of energy intake [83]
There are some indications that physical activity
might interfere directly with hormonal
metabolism in adolescence It has been
suggested that if physical activity modifies
cancer risk, it might do so through a hormone-
related pathway For example by reducing the
cumulative exposure to ovarian hormones, by
delaying menarche of by reducing the number of
ovulatory cycles Physical activity during
reproductive life has been shown to alter the
concentrations of sex hormones Girls
participating in vigorous sports such as ballet
and running, experience a high incidence of
primary and secondary amenorrhea delayed
menarche. and more irregular cycles compared
with non-athlete girls [29. 84-86] Levels of
estrogens and androgens may predict nsk of
developing prostate cancer In the Physicians
Hearth Study a strong trend of increasing
prostate cancer nsk was observed with
increasing levels of plasma testosterone and an
inverse trend in nsk with increasing levels of
SHBG. which indicates that lower amounts of
bioavailable testosterone were associated with
decreased risk for prostate cancer [87]
Thus, physical activity might also play a part in
the relationship between obesity and hormone-
dependent cancers through obesity, but on the
other hand physical activity shows a direct
relationship with tveasr [20 21, 83. 88-91],
co/on [92-96] and to some lesser extent with
prosfafe cancer [88. 97-100], independently
from obesity [76]
Implications for public health
Despite intense research on etiological factors
for breast, prosrate and co/on cancer, relatively
few factors have emerged that are consistently
associated with risk in different epidemiological
study designs and that are modifiable Physical
activity and on the other hand reduction of
weight gain during adult life are modifiable
factors which show a relationship with the
occurrence of breast and colon cancer Also
individuals who are overweight at a young age
may be at a higher risk of (hormone related)
cancers in later life The current high prevalence
of adolescent obesity suggests that cancer will
remain a significant public health problem for
future generations [101. 102]. Thus it is possible
to prevent an appreciable proportion cancer
cases by maintaining a healthy body weight.
Any intervention to reduce excess weight would
entail the modification of nutritional habits
toward a different composition of the habitual
diet to reduce energy intake and increase
physical activity An energy-restricted diet might
be necessary for those children who are already
obese, but on the other hand energy
expenditure (physical activity) must exceed
energy intake
Weindruch and Walford [103] regard energy
restriction as an ethical option for human use.
under appropriate conditions Others are less
enthusiastic because of concerns about harmful
effects in children, but animal studies have
shown that energy restnction starting at early
adulthood was effective in decreasing cancer
nsk in rodent as energy restnction started soon
after weaning [104] Many studies on energy
restnction have been conducted in obese
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persons or in relation to the effects on the
ageing process, but human tnals in relation to
subsequent cancer risk are not available
Research in an enclosed ecological space
(Biosphere 2) demonstrated that energy
restriction for two years reduced many risk
factors for many diseases, including reduced
levels of blood hpids. cholesterol. IGF-1, insulin,
and testosterone Overall the research findings
on energy restriction showed that rodents,
monkeys and humans reacted similarly to the
beneficial effect A reduction in oxidatieve
stress, an increase in protein synthesis and
DNA repair, and an improvement in endocrine
homeostasis appeared to be the major anti-
ageing and anti-disease effects of energy
restriction [50. 105, 106]
The level of energy restriction that will be
appropriate in humans for the longer term is
uncertain In their semi starvation study Keys
and colleagues showed that 50% energy
restriction is not acceptable for the longer term
as it appeared to introduce several negative
health effects [107] From studies described in a
thesis on energy restriction and ageing it
appeared that 30% energy restriction was also
not an acceptable strategy for the longer term
[108] A level of 10% seemed to be more
feasible for the longer term, but did not affect
health parameters after 10 weeks So further
research is required to determine an appropriate
level of energy restriction in the human situation
Implications for future research
The evidence from the Netherlands Cohort
Study on diet and cancer for a protective effect
of early energy restriction on the risk of breast,
prostate and colon cancer warrants further
research Energy restriction results in many
alterations in biological processes in the human
body and has an impact on or a relation with
many variables Interactions might also exist
between (early) energy intake physical activity.
BMI and cancer risk To study these interactions
more cancer cases are needed for subgroup
analyses, and will be investigated further in the
Netherlands Cohort Study after a longer follow-
up period.
Epidemiologie studies on the effect of energy
restriction and subsequent cancer risk might
concentrate on cancer biomarkers and
intermediate endpomts This is an attractive
method for investigating the association
between early diet and subsequent cancer risk.
Studies with intermediate endpomts are easier
and less expensive to conduct, compared with
large-scale epidemiologic studies of early
exposures and cancer endpomts Examples of
intermediate endpomts for oreasf. prosfafe and
co/on cancer include mammographic density (or
atypical hyperplasia). psa-levels. and colon
polyps, respectively Measurable intermediate
processes also include levels of endogenous
hormones (levels of serum IGF-1, IGF binding
proteins, estrogens), immunological processes
and body fat distribution However, for most
cancer sites reliable and valid intermediate
markers of disease have not yet been
established
Although controlled trials of early energy
restriction are not feasible, natural experiments
have occurred such as the Dutch famine during
World War II The circumstances of the Dutch
famine provide a rare opportunity to investigate
the relations in various nutritional exposures not
normally seen in human populations [109] It
would be of great interest to see if energy
restriction has associations with other cancel
sites, and especially those with a presumed
hormone-related etiology such as ovanum and
endometnal cancer
Anorexia nervosa is also a kind of natural
experiment in which the energy intake is very
low Mellemkjaer [110] investigated the energy
restriction hypothesis for cancer in patients with
anorexia nervosa. who had an extremely low
intake of energy for prolonged periods of their
lives The standardized incidence rate (SIR) for
cancer among women with anorexia nervosa
was 0 80 (95%CI 0 52-1 18) This means that
the number of observed cases was smaller than
the expected number of cancer cases Most of
the patients were under 50 years of age during
the study period The researchers intend to
continue to follow the cohort of anorexia nervosa
patients for cancer occurrence in the coming
years, as more cohort members will probably
develop cancer.
The role of early nutrition and especially early
energy restriction is interesting in relation to
subsequent cancer risk but perhaps also with
regard to other diseases such as diabetes or
coronary heart diseases Especially the role of
obesity in the etiology of cancer and other
diseases seems to be very important So the
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effect of early energy restriction might be related
to adolescent BMI and BMI at adult age and
research should concentrate on the relation of
obesity with biological mechanism like insulin
production, levels of IGF-1 and hormones
Research should also concentrate on the
determination of possible sensitive periods in a
person's life in which energy restriction has the
greatest impact on subsequent cancer risk
There are epidemiological findings that link birth
weight and early childhood nutrition with cancer
risk later in life (111] Food intake is a strong
determinant of IGF-1 concentration Nutrition in
early life may therefore have a "programming"
effect, via IGF-1. that influences subsequent
cancer risk [112]
To clarify the biological mechanisms, more
systematic experimental research in rodents is
needed to examine the effects of energy
restriction on hormone levels, the insulin
mechanism and the impact of energy restriction
on the immune system
Many intervention studies are conducted on the
impact of energy restricted diet in obese
persons It would be very interesting to study the
effects of energy restriction on hormone levels
(p.e.IGF-1) and other biological mechanisms in
normal weight persons Also further research is
necessary to gain insight in the acceptable
energy restriction level in humans, because now
it is still uncertain which level of energy
restriction is appropriate in humans for the
longer term
The interrelationships of energy intake, and
energy retention to energy expenditure and
physical fitness need further investigation from
the physiologic. metabolic. endocrine,
epidemiologic and genetic aspects of cancer
development, since obesity, energy expenditure
and cancer have a familial predisposition To
study these interactions prospective cohort
studies are necessary with a long follow-up
period and many cancer cases It would also be
important in future studies that diet (especially
energy intake) should be repeatedly assessed
throughout life to gain insight into the relation
between childhood nutritional patterns and
subsequent cancer risk.
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Summary
In the introduction (chapter 1) a description of
the food situation dunng the Economic
Depression years (1932-40) and World War II
(1940-1945) is given, with specific emphasis on
the so called Hunger winter of 1944-45 Energy
restnction in childhood and adolescence and the
risk of breast, prostate and colon cancer is the
main topic of this thesis The hypothesis relating
energy restriction to the nsk of cancer is
supported by longstanding results from animal
experiments documenting a reduced risk of
cancer in rodents on an energy-restricted dietary
regimen To evaluate the hypothesis that early
energy restriction protects against subsequent
cancer development, several studies have been
conducted
First a meta-analysis was conducted to review
the results from animal studies regarding energy
restriction and the development of mammary
tumors Three studies described in this thesis
utilized the unique setting in the Netherlands, a
Western population where a substantial part of
the population experienced a severe famine
during the last year of World War II (1944-45),
the so called Hunger Winter The Dutch famine
can be considered as a unique natural
experiment of history to test the hypothesis that
energy restnction early in life may be protective
for breasf prostate and coton cancer risk later in
life The Netherlands Cohort Study on diet and
cancer (NLCS) provided an opportunity to study
the relation between early energy restriction and
subsequent cancer risk Furthermore, we
evaluated the association between physical
activity and breast cancer.
The purpose of the meta-analysis described in
chapter 2 was to systematically review the
animal literature on energy restriction and
mammary tumors and to provide precise
quantitative pooled estimates of the risk of
mammary tumors The meta-analysis had an
emphasis on type and degree of restricted
nutnent (fat. protein or carbohydrate) and
duration of intervention penod The age at whicti
the energy restriction took place had our special
interest because energy restriction earty in life
may affect breast cancer risk We performed a
literature search and restricted the meta-
analys.s to experiments with mice and
spontaneous mammary tumors because of the
comparability A crrtena list was developed and
the reviewers used this list to assess quality
items l i e study characteristics) Potential
factors for heterogeneity in results between
studies were assessed All publications were
scored in a blind way A total number of fourteen
studies were included in the meta-analysis The
pooled risk difference for the 14 studies was
- 0 55 (95%CI - 0 69. -0 41). implicating that the
energy restncted animal groups developed 55%
less mammary tumors than the control group»,
irrespective of the type of restncted nutnent
and/or other study charactenstic No significant
heterogeneity in results between the animal
studies was detected
The Netherlands Cohort Study on diet and
cancer (NLCS) started in 1986. when a cohort of
58 279 men and 62.573 women, aged 55-69
years was recruited from 204 municipal
population registries in the Netherlands With
the unique nutritional situation experienced by
this cohort during World War II in mind, the
NLCS also collected information on the food
situation during childhood and adolescence of
the cohort members In the baseline
questionnaire information was collected about
their residence during the Hunger winter (1944-
45) their residence during the War year« (1940-
44) and if their father was employed during the
Economic Depression years (1932-40)
Residence history and fathers employment
status were used as proxy measures for the
energy restriction to which the participants of the
cohort were exposed during their childhood and
adolescence The exposure variable for the
Economic Depression years was dichotomous
men and women whose father had or had no
,ob For the other two periods the War period
(1940-1944) and the Hunger winter (1944-
1945) the city of residence during the»e periods
was used to approximate the exposure for
energy restriction For the war years, the
exposure variable was dichotomous. men and
women living in a city or living in a rural area in
1942 With respect to the Hunger winter, three
categories were defined, living in a Western city.
Irving in a Western rural area and living in a
Non-Western part of The Netherlands Living in
a Western city in 1944-1945 was considered as
an indicator for severe energy restriction
In the NLCS follow-up for incident cancer has
been established by record linkage with the
national cancer registry ,n the Netherlands and
with a national pathology regwtw (PALGA) In
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the studies described in this thesis we made use
of 6 3 and 7 3 years of follow-up
The results regarding energy restriction in
childhood and cancer of breasf prosfare and
coton are described in chapters 3, 4 and 5.
respectively We found no association between
br»a«f cancer risk and energy restriction early in
life after 6 3 years of follow-up Women who had
been living in a Western city during the Hunger
winter of 1944-1945 had no decreased breast
cancer risk With respect to the war period
(1940-1944) no differences in breast cancer risk
were found for women who lived in a city (food
restricted area) in 1942 vs women who lived in
a rural area Having an unemployed father
during the Economic Depression years 1932-
1940 was associated with a small, but non-
significant, decrease in breast cancer risk
(RR«0 9)<chapter 3) There are biological
reasons to believe that the period between the
beginning of breast development at puberty and
the first full term pregnancy is a particular
sensitive period in a woman's life regarding the
development of breast cancer We paid
particular attention to those women who were
exposed to energy restriction between
menarche and delivery of their first child No
clear association was found between energy
restriction during this sensitive period and breast
cancer risk
With regard to prosfafe cancer, the results
showed a slightly elevated prostate cancer risk
among men who had lived in the presumably
food restricted regions such as western cities
and western rural areas during the Hunger
winter 1944-1945. compared with controls living
in northern and southern parts of the
Netherlands who had almost no exposure to
energy restriction No association was seen with
respect to the other War years or the Economic
Depression years (chapter 4) Exposure to
energy restriction during the adolescent growth
spurt showed no association for men who had
lived in a Western city during the Hunger winter,
after 7 3 years of follow-up
An inverse association was found between
coton cancer risk and energy restnction in
adolescence for men and women Men and
women living in a Western city dunng the
Hunger winter (1944-45) had a rate ratio of 0 85
and 0 80. respectively For men living in a
Western /u/a/ area in 1944-1945 also a
decreased risk was observed and for women
living in a Western a/ra/ area no difference was
observed With respect to exposure dunng the
remaining years of World War II (1940-44) no
differences in colon cancer hsk were found for
both men and women who lived in a city (food
restricted area) in 1942 vs men and women
who lived in a rural area in 1942 Having an
unemployed father during the Economic
Depression years 1932-40 was associated with
a small, but non-significant decrease in colon
cancer hsk both for men and women Results of
the subgroup analyses showed that men and
women who were in their adolescent growth
spurt and living in a Western city during the
Hunger winter 1944-45 or who were exposed
after their adolescent growth spurt to the Hunger
winter 1944-45. had a decreased colon cancer
risk compared to men and women living in the
non-Western parts of the Netherlands (chapter
5)
Energy balance results from the interaction
between energy intake and energy expenses.
Energy imbalance seems to be an important
factor regarding the etiology of b/vasf. prosfafe
and co/on cancer Energy imbalance is
characterized by obesity and sedentary life
styles and is associated with increased
morbidity and mortality from all causes of
cancer The interaction between energy
restriction, physical activity and BMI may explain
part of the observed inconsistencies between
studies on physical activity and cancer.
In chapter 6 the association between breast
cancer risk and physical activity was examined
Baseline recreational physical activity (1986)
showed an inverse association with breast
cancer risk after 6 3 years of follow-up
Especially daily walking and biking more than an
hour a day showed a protective effect Women
who were ever engaged in sports before
baseline did not have a lower breast cancer risk
No relation was found for duration of the sport
activity (in years) and breast cancer risk.
Women who spent more than 5 hours per week
participating in a sport had a reduction in breast
cancer risk compared to women who spent less
than 1 hour per week on sports, irrespective of
duration We found no association between
occupational physical activity and breast cancer
risk We could not distinguish a specific period in
life in which the association between sports
activity and breast cancer nsk was more
pronounced: thus the age at which women
participate in sports seems not relevant
102
Summary
Furthermore, in the subgroup of women with
overweight (BMI 25-30). we found a decreased
breast cancer nsk with physical activity
independent of baseline energy intake
In the discussion (chapter 7) these results were
evaluated and compared to other studies The
potential for selection bias in the NLCS is low
However, a factor that could have influenced the
results is misclassification of food restriction
exposure and the misclassification of physical
activity We used the residence during the War
years (1940-1944) and the Hunger winter (1944-
1945) and the father s employment status during
the Economic Depression years (1932-1940) as
proxy measures for the food situation of our
cohort members in their youth We attempted to
validate the residence in the Hunger winter
(1944-1945) among subcohort members Of the
women who reported severe hunger during the
Hunger winter 80% lived in a Western city
during this winter
The NLCS was not specifically designed to
explore the relation between physical activity
and cancer risk In our study we had only data
available on physical activity by questionnaire
and no other physiological and biomechamcal
measurements If misclassification is present, it
will be nondifferential because of the
prospective design of the cohort.
The role of insulin-like growth factor-l (IGF-1).
which may be a common biological mechanism
relevant for breast, prostate and colon
carcinogenesis was discussed A variety of
physiologic, behavioural and genetic variables
are altered when there is a reduction in energy
intake Energy restriction inhibits cell
proliferation, accelerates apoptosis. enhances
DNA-repair and leads to a reduction in IGF-1.
Insulin and IGF-1 regulate the energy
metabolism and might be the common biological
mechanism relevant for breast, prostate and
colon cancer carcinogenesis The possible
interaction between energy intake, energy
expenditure and obesity is discussed.
Implications for public health and further
research are stated These recommendations
concentrate on the level of energy restriction,
cancer biomarkers and intermediate endpoints
and on the role of early nutrition in the etiology
of other diseases than cancer.
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In d« mletding van drt proefschnft wordt een
beschniving gegeven van de voedselvoorzienmg
ti)dens de cnsisjaren (1932-40) en de
ooriogsiaren (1940-45). met special« aandachl
voor de hongerwinter van 1944-45 In dit proef-
schnft wordt beschreven wat de invloed van
energierestrictie in de |eugd is op het ontstaan
van kanker op latere leeftijd De hypothese dat
energierestrictie in de jeugd en adolescent»
beschermt tegen het ontstaan van kanker wordt
sinds lange tijd ondersteund door resultaten uit
dierexpenmenteel onderzoek Vele studies heb-
ben aangetoond dat dieren die een energie-
beperkt dieet kregen minder tumoren ontwik-
kelden in vergelijkmg met dieren die een nor-
male voeding kregen Om de hypothese te on-
derzoeken zijn een aantal onderzoeksprojecten
urtgevoerd
Ten eerste is een literatuuronderzoek (meta-
analyse) urtgevoerd om de resultaten van de
verschillende dierexpenmentele studies met
elkaar te kunnen vergelijken Deze dierstudies
hadden als onderwerp de invloed van
energierestrictie op het ontstaan van
borsttumoren Verder zijn 3 studies uitgevoerd
die gebruik hebben gemaakt van de unieke
situatie in Nederland. waarin de Hongerwinter
1944-1945 als een soort van natuurlijk
experiment beschouwd kan worden Ti/dens
deze penode leed een substantieel deel (vooral
mensen die woonden in de Westerse
provindes) van de Nederlandse bevolking aan
ondervoeding Door dit natuurlijke' experiment
is het mogelijk geweest om de hypothese dat
energierestrictie tijdens de jeugd beschermt
tegen kanker op latere leeftijd te kunnen
bestuderen De Nederlandse Cohort Studie naar
voeding en kanker (NLCS) bood de mogeli|khetd
om de relatie tussen energierestrictie en het
latere kankernsico te onderzoeken Verder is
onderzocht of lichamelijke activrteit een
preventive werking heeft in relatie tot het
borstkankernsico
In hoofdstuk 2 wordt de meta-analyse
beschreven die als doel had om op een
systematische manier de Irteratuur samen te
vatten met betrekking tot energierestrictie en
borsttumoren bi| muizen Verder bood deze
meta-analyse een gepookJe kwantrtatieve
effectmaat en kon de invloed van verschillende
studiekaraktenstieken zoals duur van de
Intervent» type Intervent« (v»t-, koolhydraat- of
eiwitbeperkt dieet) en de mate van restrict«
bekeken worden De weftijd waarop d« muizen
het energiebeperkte dieet kregen kreeg ipcciale
aandacht aangezien energierestrictie ti|dens de
jeugd het later« borstkankernsico mogelijk kan
beinvloeden De dierexpenmentele literatuur is
verzameld via de literatuurbestanden van
Medline Current Contents en door deskundigen
in het veld te raadplegen Daarnaast zijn de
referentiehjsten van relevant« publicities
doorzocht Om vergelijkbaarheid te verkrijgen
heeft de meta-analyse zieh uiteindelijk
geconcentreerd op studies m«t alleen muiz«n
en spontane (met-geinduceerde) mammae
tumoren Er is een cntenalijst ontwikkeld om de
kwaliteitskenmerken van elke publicatie te
kunnen evalueren Uiteindelijk zi|n 14 studies
opgenomen in de meta-analyse De gepoolde
effectmaat bedroeg -0 55 hetgeen betekent dat
de groepen muizen die een energie beperkt
dieet kregen 55% minder borsttumoren
ontwikkelden dan de controlegroepen.
onafhankelijk van welk nutrient beperkt was en
van andere studiekaraktenstieken Verder kon
geen heterogemteit tussen de resultaten van de
verschillende dierstudies aangetoond worden
De Nederlandse Cohort Studie naar voeding en
kanker (NLCS) bood de mogeli|kheid om te
onderzoeken of energierestrictie in de jeugd
inderdaad een verband vertoont met het
kankernsico op latere leeftijd Deze cohort-
Studie is gestart in September 1986 In dit cohort
zitten ruim 120 000 Nederlanders (58 279
mannen en 62 573 vrouwen) uit 204 gemeentes
verdeeld over heel Nederland Deze mannen en
vrouwen waren in 1986 tussen de 55 en 69 |aar
oud Drt cohort heeft dus die unieke
voedmgssituatie (hongerwinter 1944-1945) in
hun |eugd meegemaakt Tijdens de
baselinemetmg in 1986 is dan ook specifiek
gevraagd naar de woonplaats in 1944-45. de
woonplaats tijdens de ooriogsiaren (1940-44) en
of de vaders van de cohortdeelnemers wel of
geen werk hadden tijdens de cnsisjaren (1932-
1940) De woonplaats tijdens hongerwinter en
ooriogsiaren en het wel of met werkloos zijn van
de vader in de cruisjaren zijn gebruikt als proxy-
maten voor energierestrictie in de jeugdjaren
Voor de economische cnsisjaren is de expositw-
vanabele gedichotomiseerd de vaders hadden
wel of geen werk tijdens deze periode Voor de
ooriogsiaren is de exposrtievariabele ook
gedichotomiseerd cohortdeelnemers woonden
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in Mn »tad of op het platteland in 1942 Met
betrekking tot de hongerwinter 1944-45 zijn drie
categoneen gedefimeerd. namelijk wonen in een
•tad in het Westen, wonen op het platteland in
het Westen of met in het Westen wonen Het
wonen in een stad in het Westen ti|dens de
hongerwinter 1944-45 wordt beschouwd als
indicator voor blootstelling aan een erge mate
van energierestnctie tijdens de jeugd
De kanker follow-up vond plaats door jaarii|kse
koppelingen met de regionale kankerregistraties
in Nederiand en met PALGA (Pathologisch
Landeli|k Geautomatiseerd Archief) In de
studies is gebruikt gemaakt van gegevens over
6 3 jaar en 7 3 |aar follow-up
In de hoofdstukken 3. 4 en 5 worden
•chtareenvolgens de studies besproken die
onderzocht hebben of energierestrictie in de
)eugd aen assoaatie vertoont met het latere
borst-, prostaat- en colonkanker risico Op basis
van de resultaten uit hoofdstuk 3 kunnen we
concluderen dat er geen relatie bestaat tussen
•nergierastrictie in de jeugd en het latere
tocwsffcn/ifcewsico Vrouwen die lijdens de
hongerwinter in een stad in het Westen hadden
gewoond hadden geen verlaagd borstkan-
kernsico vergeleken met vrouwen die met in het
Westen hadden gewoond tijdens de
hongerwinter 1944-45 We vonden geen verschil
In borstkankernsico tussen vrouwen die in 1942
in een stad of op het platteland woonden Vrou-
wen waarvan de vader werkloos was tijdens de
economische cnsisjaren hadden een niet
sigmficante verlaging van het borstkankernsico
(RR=O 9) Er wordt beweerd dat de periode
tussen de eerste menstruatie (menarche) en de
eerst-voldragen zwangerschap een gevoelige
periode is voor wat betreft het borstkankernsico
Extra analyses zijn verncht met speciale
aandacht voor vrouwen die ti|dens deze
gevoelige periode (tussen menarche en
geboorte eerste kind) blootgesteld waren aan de
hongerwinter Er word geen verband gevonden
tussen blootstelling gedurende deze gevoelige
periode en het borstkankernsico
Met betrekking tot prosraaffcanfcer tonen de
resultaten een licht verhoogd prostaatkanker-
risico voor mannen die tijdens de hongerwinter
in een stad in het Westen woonden ten opzichte
van mannen die in het Noorden en Zuiden
woonden Voor de andere twee penodes.
ooriogsjaren en cnsisjaren. werd geen verband
gevonden met prostaatkankernsico (hoofdstuk
4) Specifieke aandacht ging uit naar de mannen
die tijdens hun groeispurt waren blootgesteld
aan de hongerwinter Er werd geen verband
gevonden tussen blootstelling aan de
hongerwinter tijdens deze groeispurt en het
prostaatkankernsico
We hebben een negatief verband gevonden
tussen colonkankernsico en energierestrictie in
de jeugd. zowel voor mannen als voor vrouwen.
Mannen en vrouwen die tijdens de hongerwinter
(1944-45) in een stad in het Westen woonden
hebben een rate ratio van respectievelijk 0 85
en 0 80 Voor mannen die op het platteland in
het Westen woonden tijdens de hongerwinter
werd ook een verlaagd risico op colonkanker
gevonden Voor vrouwen die op het platteland in
het Westen woonden tijdens de hongerwinter
werd er geen verband gevonden Voor
blootstelling ti|dens de ooriogsjaren vonden we
geen verband tussen energierestrictie en
colonkankernsico. zowel met voor mannen als
voor vrouwen Mannen en vrouwen die een
werkloze vader hadden in de cnsisjaren 1932-40
hebben een klein, met significant verlaagd risico
op colonkanker ten opzichte van mannen en
vrouwen waarvan de vader wel werk had tijdens
de cnsisjaren Resultaten van de subgroep-
analyses laten zien dat mannen en vrouwen die
tijdens hun groeispurt de hongerwinter mee-
maakten en woonden in een stad in het westen
een verlaagd colonkankernsico hadden in
vergelijking met mannen en vrouwen die niet in
het Westen woonden tijdens de hongerwinter
(hoofdstuk 5)
Energiebalans is de resultante van de interactie
tussen energie-inname aan de ene kant en
energiegebruik aan de andere kant. Het niet in
balans zijn van de energie-inname en het
energiegebruik zou wel eens een belangrijke
factor kunnen zijn in het ontstaan van borst-,
prostaat- en colonkanker Overgewicht (of
obesitas) en een zittende levensstijl zijn
kenmerken van een energie-dysbalans en wor-
den geassocieerd met verhoogde ziekte en
sterfte aan allerlei kankersoorten De interactie
tussen energierestrictie. lichamelijke activiteit en
body mass index (BMI) kan gedeeltelijk de
inconsistenties verklaren tussen de studies naar
lichamelijke activiteit en kanker
In hoofdstuk 6 is de relatie tussen lichamelijke
activiteit en het borstkankernsico nader
onderzocht in de NLCS Hedendaagse (in 1986)
recreatieve lichamelijke activiteit laat een dahng
zien in het borstkankernsico na 6.3 jaar follow-
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up. Vooral het dagelijkse wandelen en fietsen
van meer dan 1 uur taat een beschermend
effect zien (RR=0 81) Vrouwen die vroeger ooit
een sport beoefend hadden. hebben geen lager
borstkankemsico vergeleken met vrouwen die
noort gesport hadden We vonden geen relatie
met het aantal jaren dat een sport beoefend
word en het borstkankemsico Vrouwen die
meer dan 5 uur per week gesport hadden.
hebben een reduct» van het borstkankemsico
vergeleken met vrouwen die minder dan 1 uur
sporten per week, onafhankelijk van het aantal
jaren dat een sport beoefend werd We konden
geen specifieke penode in het (even van de
vrouwen onderscheiden waann de relatie tussen
sportactrviterten en het borstkankemsico er
anders uilzag Met andere woorden het hjkt erop
dat de leeftijd waarop er gesport is met van
belang is met betrekking tot borstkanker Verder
hebben we speciale aandacht gencht op
vrouwen met overgewicht (BMI 25-30) en von-
den we voor deze vrouwen een vertaagd
borstkankemsico in relatie tot lichamelijke
activrteit. onafhankelijk van de baseline energie
inname
Het laatste hoofdstuk (hoofdstuk 7) geeft een
beschouwing van de resultaten van de afzon-
derlijke studies en vergehjkt deze met andere
studies De mogehjkheid van select» bias is
klein in de NLCS Maar een factor die da
resultaten heeft kunnen beinvloeden is de
misclassificatie van de blootstelling aan de
hongerwmter en missclassificatie van lichame-
lijke activiteitenpatroon van de cohortdeel-
nemers We hebben de woonplaats tijdens de
hongerwmter en oorlogsjaren gebruikt en de
werkeloosheidsstatus van de vaders in de
crisisjaren (1932-40) als indicator voor de
voedingstoestand tijdens de jeugd van de
cohortdeelnemers De woonplaats in 1944-45
hebben we getracht om te valideren in het
subcohort Hieruit bleek dat 80% van de
vrouwen die erge honger rapporteerden. in een
stad in het Westen woonden tijdens de
hongerwmter (1944-45)
De NLCS is destijds opgezet om specifiek
onderzoek te doen naar de relatie voeding en
kanker Het onderzoeken van de relatie
lichamelijke activitert en kankernsico was geen
expliciete doelstellmg Drt betekende dat we
alleen beschikbare data urt de vragenlijst
hadden over lichamelijke activitert en geen extra
fysieke of biomechanische data Maar mocht er
misclassificatie zijn opgetreden dan zal drt
nondifferentieel zijn omdat het een prospectieve
cohort Studie betraft
Oe mogelijke rol van insuline groeifactor I (IGF-
1). die »en mogehjke biologische rol speeR in
het ontstaan van borst-, prostaat-, en
colonkanker. is bediscussieerd Beperking van
de energie-inneming (energierestnctie) zorgt
ervoor dat een aantal vanabelen verändert!
worden Energierestnctie leidt tot remming van
cektoling. versnelt de celdood. stimuteert DNA-
herstel en kan leiden tot een reductie van IGF-1
Insuline en IGF-1 regulären het energie-
metabolism« en kunnen dan ook mogelijkerwija
een rol spelen in het ontstaan van borst-,
prostaat- en colonkanker De mogelijke inter-
acties tussen energie inname. energiegebruik
en obesitas wordt bediscussieerd Verder
worden er aanbevelingen voor do volktgezond-
heid gedaan en worden suggesttes voor verder
onderzoek urtgewerkt Dit vordere onderzoek
zou zieh moeten concentreren op welk mveau
van energierestnctie voor de humane ntuatie
geschikt is. op biomarker» voor kanker en
intermediaire eindpunten en zou verder de rol
van vroege voeding moeten bekijken in relatie
tot het ontstaan van andere ziektebeelden.
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Dankwoord
Een dankwoord schnjven na 10 jaar gewartet te
hebben btj de vakgro«p Epidemtoiog« is geen
gemakkehjke kius 10 jaar Epidemiologie"!
Wat een tijd, zulten veei mensen zeggen. maaf
voor mezeif iifkt net niet «ens de heift van do
ti}ö Er gebeurt in die jaren heel veei op je
werkptek, heet veei teuke dtngen en af en toe
ook minder ieuke dmgen CofSega s vertrekken
maaf er komen ook weer nieuwe mensen bij St's
a)! part of living and working in dtt dankwoord
wsi tk een aantal mensen graag apart bedanken
daarbij wetende dat ik weiftcht een asntai
mensen zal vergeten
Ten ailereerste net tbuisfront Bert, bedankt voof
aife ondersteunmg dte je maar kon geven Het
laatste jaar was voor jou een ommekeer <n }e
werk en dit betekende voor my dat eike dag het
eten ktaar stond en de ktndersn opgehaaid
waren ais ik thuiskwam Wat een relaxte
omgevmg om je proefsctwift af te schnjven
zonder !« hoeven nadenken over de orgamsatte
van je prive-teven fk ia( zetf in de toekomst
weer vaker het keukenshort aantrekken
Tim en Luka zorgden voor de nodige relativenng
van de arbeidsslress Tevens hadden en
hebben we de beschikking over een geweldig
oppasgezin Marie-Louise (oppasmoeder)
hartstikke bedankt!!
In 1986 is de Nederlandse Cohort Studie naar
voeding en kanker (NLCS) geslart en nog
steeds ben ik blij dat ruim 120 000 Nederlanders
toen die behoorlijk lange vragenlijst hebben
ingevuld Zonder hun bijdrage aan dit grote
onderzoek was dit proefschrift er noort
gekomen Nogmaals dank aan al die mensen!!
Mijn promotietraject was een weg met vallen en
opstaan En zeker in het begin was ik dagelijks
de weg kwijt en heb zelfs gedroomd over de
NLCS. SPSS, GLIM, stroomschema's. alpha's
en allerlei andere ingewikkelde zaken Mijn
promoter en co-promotoren hebben me vooral in
deze fase steeds weer op het rechte pad gezet
Piet (van den Brandt), als promotor en
projectleider van de NLCS. je was steeds zeer
betrokken bij mijn Problemen En ik heb je dan
ook als een grote stimulator steeds beschouwt
achter mijn projecten Inhoudelijke besprekingen
met jou leverden artijd wel weer nieuwe ideeen
en vragen op. zodat ik weer met voile moed
naar mijn kamer terugliep
Bert« (Lumey) als co-promoter z««r
tx) de projecten over de hongerwmter Bertie. |«
was vanaf het begin zeer b*ga»n mat d*
projecten en A heb je teren kennen als jemand
wcannee het op een plezienge manier samen
werken is {ook at is dat op een a!»!»ndl tk hoop
dat m de toekomst deze samenwerkirtg
gecontinueerd gast worden
Sandra (Bausch) als co-promoter en
projftctteidsr van de NLCS, steed» m*«r
aanwezig op de achtergrond Jouw inhoudeltjk«
bijdragen m het begin van dit promotw-traject
waren zeer waardevol
De direct« {exVcoiiegs s binnen de NLCS
zorgden er steeds voor dat het spreekwoord,
gedeekfe smart s hatve smart, echt klopte
Elisabeth Dorant. Jeanne van Loon. Agnes
Schuurman, Anita Botterweck, Matty
We^enberg. Mirtan Brink Margreei
LucWenborg Boukje van Oijk afa dames van
net NLCS-cohort, bedankt voof aiie teuka
gesprekken over werk, andere zaken en aits
gezetltge etentjes
Sacha van de Crommert heeft me wegwijt
gemaakt in de data-struetuur van de NLCS En
geen enkele vraag was haar teveel, Sacha
bedankt!
De heren van het cohort Leo Schouten. Ton van
Moergastel en Harry van Montfort wil ik hierbij
ook bedanken voor de plezienge steer binnen
de NLCS Maurice Zeegers is de dnjvende
kracht achter hoofdstuk 2 van dit proefschrift.
Maurice, bedankt voor je jeugdig enthousiasme
en hopelijk blijft dit in de toekomst ook zo. ook al
word |ij natuurlijk ook ouder
Conny de Zwart. Manjke Moll. Patricia Florax en
Jolanda Nelissen wil ik bedanken voor al die
vragenlijsten die ingevoerd werden en voor al
die uurtjes in die vochtige en met al te schone
kelder Zonder jullie invoer had ik geen data-
bestanden om te analyseren En de rode pen
van Jolanda verncht wonderen
TNO-voeding in Zeist draagt ook het nodige bij
aan de NLCS zowel wat betreff de invoer van
vragenlijsten als inhoudelijke bijdragen Willy
van Drjk. Henny Brants. Linda van de Bosch,
Laura Voorrips en alle anderen, bedankt
hiervoor
Tevens wil ik de andere (ex)-collega's van de
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Miranda Dint werd geboren op 4 april 1967 in
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diploma aan de Scholengemeenschap St
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Opvoeding aan de Universitär! Maastricht Zij
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Facilitaire Dienstvertening) tot en met augustus
1993
Vanaf augustus 1991 combmeerde zij deze
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